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(7) ABSTRACT

The use of lipoxin analogs for the treatment or prevention of
asthma and asthma related diseases is described. In particu-
lar, acetylenic lipoxin analogs are effective for the treatment
and prevention of eosinophil recruitment involved with the
inflammation processes associated with asthma, asthma like
conditions, and lung injuries associated from airway inflam-
mation or infection as brought about by leukocyte-mediated
injury from within.
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LIPOXINS AND ASPIRIN-TRIGGERED LIPOXINS
AND THEIR STABLE ANALOGS IN THE
TREATMENT OF ASTHMA AND INFLAMMATORY
AIRWAY DISEASES

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 60/338,862, filed Nov. 6, 2001, entitled
“Lipoxins and Aspirin-Triggered Lipoxins and Their Stable
Analogs in the Treatment of Asthma and Inflammatory
Airway Diseases” and U.S. Provisional Application No.
60/391,049, filed on Jun. 24, 2001, entitled “Lipoxins and
Aspirin-Triggered Lipoxins and Their Stable Analogs in the
Treatment of Asthma and Inflammatory Airway Diseases”
the contents of which are incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] The work leading to this invention was supported
in part by National Institutes of Health (NIH) grants
GM-38765, P01-DE13499 and K08 HL03788. The U.S.
Government therefore may have certain rights in the inven-
tion.

BACKGROUND

[0003] Asthma is characterized by airway hyper-respon-
siveness and chronic airway inflammation®. Large numbers
of eosinophils and T lymphocytes infiltrate peribronchial
tissues in asthmatics?, trafficking into the lung an increased
capacity to generate cysteinyl leukotrienes (CysLI’s) and
Ty2 cytokines'>*. CysLT’s have been associated with the
asthmatic diathesis in both experimental models and patients
with asthma®®°. One of the many actions of T,;2 cytokines is
to up-regulate the expression of biosynthetic enzymes for
eicosanoids—including leukotrienes and lipoxins (LX’s)".

[0004] LX’s are a separate class of eicosanoids that are
distinct in structure and function’, and their biosynthesis is
temporally dissociated from the formation and impact of
other eicosanoids®. LX’s are generated in human tissues,
including airways'®. LX’s carry unique counter-regulatory
actions that inhibit CysLT-mediated vascular responses
and promote resolution of cytokine-driven acute inflamma-
tion®. When administered to human cells in vitro or murine
systems in vivo, at least two classes of receptors, CysLT1
receptors and LXA, receptors (designated ALX), can inter-
act with LX’s to mediate their actions'* *>. A role for LX’s
in asthma has not yet been directly evaluated in well-
qualified experimental animal models.

[0005] The global prevalence of asthma continues to
increase, affecting millions of peoples’ daily lives, but
treatment is far from ideal'®. Clinical responses to current
therapies, such as inhaled corticosteroids and leukotriene
modifiers are heterogeneous™ and even with optimal treat-
ment there is a substantial burden of unaddressed disease.

[0006] With further evidence for serious toxicity from
exogenous corticosteroids, new anti-inflammatory strategies
are needed for asthma and other allergic illnesses.

SUMMARY

[0007] It has been surprisingly discovered that lipoxins
(LX’s) of the invention, discussed infra, decrease both
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airway inflammation and hyper-responsiveness in response
to allergen sensitization and aerosol challenge. Conse-
quently, the lipoxins disclosed herein are useful for the
treatment and/or prevention of asthma and related airway
and respiratory inflammatory disorders.

[0008] The present invention pertains to methods for treat-
ing or preventing conditions associated with asthma, a
related airway or respiratory inflammatory disorder. The
methods include administration to a subject, an effective
amount of a lipoxin analog, having the formula described
infra, such that the asthma or related airway or respiratory
inflammatory disorder is treated.

[0009] Exemplary compounds useful in the treatment of
the above-identified ailments include:

Formula (I)
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-continued
Formula (VI)
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[0010] wherein X, if present, is R;, OR,, or SR;;
[0011] wherein R, if present, is
[0012] (i) a hydrogen atom,;

[0013] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0014] (iii) a cycloalkyl of 3 to 10 carbon atoms;
[0015] (iv) an aralkyl of 7 to 12 carbon atoms;
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[0016] (v) phenyl,
[0017] (vi) substituted phenyl

Zi Z;i
Ziii
Z, Zyy

[0018] wherein Z, Z;;, Zy;;, Z;, and Z, are each inde-

pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R_ is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl;

[0019] (vii) a detectable label molecule; or

[0020] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;

[0021] wherein Q,, if present, is (C=0), SO, or
(CN), provided when Q, is CN, then X is absent;
[0022] wherein Q, if present, and Q,, if present, are

each independently O, S or NH; wherein one of R,,
if present, and R, if present, is a hydrogen atom and

the ether is

[0023] (2) H;

[0024] (b) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0025] (c) a cycloalkyl of 3 to 6 carbon atoms,
inclusive;

[0026] (d) an alkenyl of 2 to 8 carbon atoms,
inclusive, which may be straight chain or
branched; or

[0027] (e) R,Q,R,, wherein Q, is —O— or —S—;
wherein R, is alkylene of O to 6 carbon atoms,
inclusive, which may be straight chain or
branched and wherein R, is alkyl of O to 8 carbon
atoms, inclusive, which may be straight chain or
branched, provided when R, is O, then R is a
hydrogen atom;

[0028] wherein R,, if present, is
[0029] (a) H;

[0030] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0031] wherein Ry, if present, is
Zi Z;i

Ziii
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[0032] wherein Z, Z;;, Zy;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R_ is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted, branched

or unbranched alkyl group;

[0033] wherein Y, if present, is —OH, methyl,
—SH, an alkyl of 2 to 4 carbon atoms, inclusive,
straight chain or branched, an alkoxy of 1 to 4 carbon
atoms, inclusive, or CH,Z,, where a+b=3, a—0to 3,
b=0 to 3 and Z is cyano, nitro or a halogen;

0034] wherein R, if present, is
[ 6 1L P
[0035] (a) H;

[0036] (b) an alkyl from 1 to 4 carbon atoms,
inclusive, straight chain or branched;

[0037] wherein T, if present, is O or S, and pharma-
ceutically acceptable salts thereof.

[0038] In certain embodiments, the methods of the inven-
tion are performed in vitro or in vivo.

[0039] In another aspect, the present invention is directed
to a packaged pharmaceutical composition for treating the
activity or conditions described herein in a subject. The
packaged pharmaceutical composition includes a container
holding a therapeutically effective -amount of at least one
lipoxin compound having one of the formulae described
infra and instructions for using the lipoxin compound for
treating the activity or condition in the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The invention will be more fully understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

[0041] FIG. 1. Inhibition of airway hyper-responsiveness
with LXa. OVA sensitized mice were treated with LXa (ug)
(o) or vehicle (¢) prior to OVA aerosol challenge. Airway
reactivity was determined by methacholine-dependent
change in lung resistance (a) and calculation of ED,q, (b).
Results are expressed as mean+SEM (n=17 in (a) and n26
(b)). *P<0.05 by Student’s t-test compared to control ani-
mals.

[0042] FIG. 2. Lung histopathology from I.Xa treated
mice. Mice were sensitized and aerosol challenged with
OVA in the absence (left column) or presence (right column)
of LXa (10 ug). Representative (n=3) lung tissue sections
(magnifications: x40 (a,b), x100 (d), x200 (c,e) and x400
(f)) were obtained from formalin-fixed, paraffin-embedded
lung tissue, prepared and stained with hematoxylin and
eosin. Arrows denote eosinophils; br, bronchus; v, vessel.

[0043] FIG. 3. LXa selectively inhibits airway leukocyte
infiltration and inflammatory mediators. Bronchoalveolar
lavage fluids were obtained from OVA sensitized and chal-
lenged mice. Leukocytes in bronchoalveolar lavage fluid
were enumerated and identified after Wright-Giemsa stain
(a). Mediator profile of (b) specific cytokines (IL-5, IL-12,
IL-13, eotaxin and TNFa), and lipid mediators, including
PGE (c), LIB, and cysLI’s (d) were determined by
ELISA’s in materials from control animals and those receiv-
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ing LXa (10 ug, i.v.). Results are expressed as mean+SEM
(n26, d22). *P<0.05 by Student’s t-test compared to con-
trol animals.

[0044] FIG. 4. In situ hybridization of murine ALX in
lung. Murine LXA, receptor expression was detected in
perivascular leukocyte-rich infiltrates (upper panels) and
airway epithelia (lower panels) in OVA sensitized and aero-
sol challenged (OVA/OVA) mouse lung (representative
bright-field images, magnification x400, n=3). Experimental
(PBS/PBS) and sense probe controls are shown for com-
parison.

[0045] FIG. 5. Expression of human ALX in transgenic
mice decreases pulmonary inflammation. a, Lung histopa-
thology from human ALX transgenic mice. Non-transgenic
(left column) and human ALX-tg mice (right column) were
sensitized and aerosol challenged with OVA. Representative
(n=06) lung tissue sections (magnifications: x100 (a,b) and
%200 (c,d)) were obtained from formalin-fixed, paraffin-
embedded lung tissue, prepared and stained with hematoxy-
lin and eosin. br, bronchus; v, vessel. b-¢, BAL fluids were
obtained, leukocytes enumerated and identified after Wright-
Giemsa stain. Percent inhibition in cell number (b) and
changes in mediator profile of specific cytokines and lipid
mediators (¢) were determined. Serum total IgE levels were
determined by immunoassay in samples from mice sensi-
tized/challenged with either OVA or buffer (PBS) (d). Air-
way reactivity was determined by methacholine (100
mg/ml)-dependent change in Penh (e). Results are expressed
as mean+SEM (n=4, d=2). *P<0.05 by Student’s t-test
compared to control animals.

[0046] FIG. 6. Expression of human ALX in transgenic
mice prevents eosinophil trafficking. LTB, (1 ug) and PGE,
(1 ug) were topically applied (13-16 h) to mouse ear skin and
EPO activity in tissue biopsies was determined by bromi-
nation of HPA (see Methods). Values represent the
mean+SEM for pmoles Br-HPA per ug total protein for
Non-tg littermates (n=6) or BLT-tg (n=2) mice in the
absence or presence of topical LXa (10 ug per ear) and 2
separate ALX-tg lines (n=4). * P<0.05 by Student’s T-test
compared to littermate controls.

[0047] FIG. 7. Depicts regulation of allergic airway
inflammation by 15-epi,16-para-fluoro-phenoxy-LXA ,-me-
thyl ester in comparison to a commercially available drug
(Montelukast) used to treat chronic asthma. This graph
demonstrates that the LXA, methyl ester is statistically more
effective than the Montelukast in terms of lymphocyte
reduction.

DETAILED DESCRIPTION

[0048] The features and other details of the invention will
now be more particularly described and pointed out in the
claims. It will be understood that the particular embodiments
of the invention are shown by way of illustration and not as
limitations of the invention. The principle features of this
invention can be employed in various embodiments without
departing from the scope of the invention.

[0049] The prevalence of asthma continues to increase and
its optimal treatment remains a challenge. The present
invention pertains to methods that involve the actions of
lipoxin A, and its leukocyte receptor in pulmonary inflam-
mation using a murine model of asthma. Allergen challenge
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initiated airway biosynthesis of lipoxin A, and increased
expression of its receptor. Administration of a stable analogs
of lipoxin A, blocked both airway hyper-responsiveness and
pulmonary inflammation, as evidenced by decreased recruit-
ment of leukocytes as well as reduced mediator levels,
including interleukin-5, interleukin-13, eotaxin, prostanoids
and cysteinyl leukotrienes. Moreover, transgenic expression
of human lipoxin A, receptors in murine leukocytes led to
significant inhibition of both pulmonary inflammation and
eicosanoid-initiated eosinophil tissue infiltration. Inhibition
of airway hyper-responsiveness and allergic airway inflam-
mation with a lipoxin A, stable analogs highlights a unique
counter-regulatory profile for the lipoxin A, system and its
leukocyte receptor in airway responses and suggest that
lipoxin and related pathways present novel multi-pronged
therapeutic approaches for consideration in human asthma.

[0050] Lipoxin A, (LXA,) is rapidly generated from
arachidonic acid during inflammatory responses, and, unlike
leukotrienes (LT), LXA, and its stable analogs carry anti-
inflammatory properties that promote resolution of acute
exudative inflammation. The present invention demonstrates
that LXA, also regulates airway inflammation and bronchial
reactivity, characteristic features of asthma. High levels of
both cysteinyl LT and prostaglandin E, (PGE,) in broncho-
alveolar lavage (BAL) fluids from ovalbumin (OVA) sensi-
tized and aerosol were found in challenged mice. LXA, was
also identified in these same samples, yet in concentrations
1-2 log orders less (15.01+/-3.26 pg/ml, mean +/-SEM,
n=5) than LT and PG, respectively. When an LXA, stable
analog (including its 11,12 acetylenic version) was given 1-2
h prior to OVA aerosol challenge, a marked reduction in
tissue eosinophils, neutrophils, lymphocytes and vascular
injury was observed. The LX analogs also led to decreased
concentrations of IL-5, IL-13 and eotaxin, but not IL-12 or
TNF in OVA sensitized and challenged animals. Lipid
mediator formation was also selectively down-regulated by
LX analog administration as levels of PGE, and cysteinyl
LT’s, but not LTB, were decreased. In addition to inflam-
matory responses, administration of the L.X analog signifi-
cantly inhibited bronchoconstriction in response to metha-
choline with an ED200 that approximated that of
unchallenged mice. Because LXA, can interact with cysLT1
receptors, it was determined that LX administration alone
would promote airway hyperreactivity in vivo, and no
significant differences were present in ED200 compared to
control mice. Since XA, displayed potent inhibition of
eosinophil tissue infiltration, it was next determined the
impact of over-expression of its receptors (ALXR) on ago-
nist-initiated eosinophil accumulation. Thirteen hours after
application of LTB, and PGE, to mouse ear skin, punch
biopsies were obtained for histology and quantitation of
eosinophil peroxidase activity. Compared to littermate con-
trol animals, increased expression of ALXR profoundly
inhibited eosinophil infiltration in two separate transgenic
lines. Together, these findings indicate that both increased
LXA, bioavailability via utilization of a stable analog and
increased ALXR expression can mediate potent inhibition of
airway inflammation and eosinophil responses in vivo.
Hence, this invention reports a novel use for lipoxins,
aspirin-triggered lipoxins and their structural analogs in
airway inflammation, asthma and related disorders.
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[0051] Eicosanoid Formation During Antigen-Initiated
Airway Inflammation.

[0052] After systemic sensitization to ovalbumin (OVA,
10 ug i.p.), male Balb/c mice (5-7 weeks) were exposed to
aerosolized OVA (6%, 25 min) on four successive days. 24
hours after the last aerosol, bronchial responsiveness to
intravenous methacholine was determined (as in refs. 14,
15), bronchoalveolar lavage was performed and tissues were
harvested for microscopy. Animals so treated demonstrate
both airway hyper-responsiveness to methacholine and
inflammation (vide infra), including leukocytic infiltration
and elaboration of cytokines, chemokines and bioactive
lipids. After allergen sensitization and aerosol challenge,
high levels of both CysLT (139.0+/-27.3 pg CysLT/ml,
mean+/-SEM, n=9) and PGE, (1117.7+/-103.8 pg PGE,/
ml, mean+/-SEM, n=5) in bronchoalveolar lavage (BAL)
(Table 1) were identified. In these same BAL fluids, LXA,
was also present (15.0+/-3.3 pg LXA,/ml, mean+/-SEM,
n=5) at levels similar to LTB, (6.4+2.3 pg LTB,/ml],
mean+/-SEM, n=9), but in 10- to 100-fold lower concen-
trations than CysLT’s and PGE,, respectively (Table 1).
LXA, was not detected in cell-free BAL supernatants from
non-immunized mice.

[0053] Lipoxin A, Prevents Airway Hyper-Responsive-
ness to Methacholine.

[0054] To determine if LXA, would protect mice from
OVA-induced airway hyper-responsiveness, 10 ug/mouse
(i.v.) of a LXA, analog (LXa) was administered that resists
metabolic inactivation and blocks neutrophil accumulation
and exudate formation in murine dorsal air pouches’> *°.
When given at least 60 min prior to OVA challenge, LXa
significantly inhibited bronchoconstriction in response to
methacholine in a dose-dependent manner (FIGS. 1a & b).
The ED200 to methacholine for mice given LXa (10 ug)
approximated the responses of control mice that had been
sensitized but not challenged with OVA (FIG. 1b). Neither
deleterious physiologic nor behavioral effects were evident
in LXa treated mice. It was also determined that [.Xa
administration alone would promote airway hyper-reactivity
in vivo, and no significant differences in ED200 compared
to control mice (FIG. 1b) were found.

[0055] Lipoxin A, Inhibits Key Parameters of Allergic
Pulmonary Inflammation.

[0056] In addition to dampening airway hyper-responsive-
ness in OVA-allergic mice, administration of LXa signifi-
cantly reduced leukocyte infiltration, in particular, tissue
eosinophils and lymphocytes as well as vascular injury
(FIG. 2). In BAL, total leukocytes, eosinophils and lym-
phocytes were sharply reduced in a dose-dependent fashion
(FIG. 3a). LXa also led to decreased T2 cytokines IL-5,
IL-13 as well as eotaxin in BAL fluids from OVA sensitized
and challenged animals (FIG. 3b). Inhibition appeared
selective, since levels of IL-12 and TNF were not similarly
reduced when determined in the same samples of BAL fluid
(FIG. 3b). LXa also regulated levels of the lipid mediators,
as both PGE, and CysLT’s, but not LTB, were decreased in
these mice (FIGS. 3¢ & d). These results indicate that
administration of LXA, mimetics can significantly inhibit
the generation of allergic pulmonary inflammation, includ-
ing leukocyte infiltration and formation of specific mediators
of interest in airway pathophysiology, including key cytok-
ines and eicosanoids.
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[0057] Expression of Human LXA, Receptors Dampens
Pulmonary Inflammation.

[0058] Allergen sensitization and challenge with OVA
increased LXA, receptor (ALX) expression in infiltrating
leukocytes and airway epithelial cells observed with in situ
hybridization (FIG. 4). To assess whether OVA allergic
pulmonary inflammation and airway reactivity were ame-
nable to regulation by ALX, the responses of transgenic
mice expressing human ALX using the CD11b promoter on
their leukocytes (see Methods) was assessed. After OVA
sensitization and aerosol challenge, human ALX transgenic
animals (ALX-tg) displayed reduced airway and vascular
injury, when compared to their age and gender-matched
littermate controls (Non-tg). A clear decrease in leukocytic
infiltrates was observed in peribronchial and perivascular
spaces (FIG. 54). BAL from allergen challenged ALX-tg
mice also had reduced numbers of total leukocytes, eosino-
phils and lymphocytes, with 63%, 68% and 85% inhibition,
respectively (FIG. 5b). Levels of several key pro-inflam-
matory peptide and lipid Mediators were also decreased in
ALX-tg mice, including IL-13 (77% inhibition), IL-5 (71%
inhibition) and CysLT (74% inhibition) (FIG. Sc). In addi-
tion, allergen sensitization in the ALX-tg animals was
blunted, as monitored by total serum IgE levels (FIG. 54d).
Despite inhibition of allergic inflammation in the OVA
sensitized and challenged ALX-tg mice, significant differ-
ences in airway hyper-responsiveness were not observed
(FIG. 5¢) when compared to age and gender-matched lit-
termates (peak Penh was 8.37+1.89 (ALX-tg) and 8.25+1.90
(Non-tg), mean+/-S.E. for n=6).

[0059] Expression of Human LXA, Receptors Inhibits
Murine Eosinophil Tissue Infiltration.

[0060] With levels of both tissue leukocytes and pro-
inflammatory mediators reduced in allergic ALX-tg mouse
lungs (FIG. 5), the direct impact of human ALX expression
on murine eosinophil recruitment in vivo was examined.
After topical application of LTB, (1 ug) and PGE,, (1 ug) to
mouse ear skin, there was a significant increase in eosinophil
tissue infiltration as quantified by eosinophil peroxidase
(EPO) activity present within 6 mm skin punch biopsies
(FIG. 6). Compared to littermate non-tg controls, expression
of human ALX markedly reduced the number of eosinophils
recruited in ear skin tissues from two separate murine
transgenic lines (FIG. 6). Of note, endogenous LXA, was
recovered from inflamed ears and was without significantly
different levels between ALX-tg and Non-tg animals
(16.0+/-1.5 and 11.5+/-1.9 pg/mg protein, respectively).
Increased expression of human LTB, receptors on leuko-
cytes (also using CD11b promoter) led to a similar ampli-
tude of eosinophil infiltration in this model as Non-tg
littermate controls. Topical administration of as little .Xa as
10 ug to mouse ears inhibited eicosanoid-stimulated skin
EPO activity in both Non-tg mice as well as those with
increased expression of LTB, receptors (FIG. 6). Together,
these findings indicate that LXA,-ALX interactions can
mediate potent inhibition of eosinophil responses in vivo.

[0061] Sensitization and Challenge Protocols

[0062] Five to seven week old male FVB (Charles River
Laboratories, Wilmington, Mass.) mice were housed in
isolation cages under viral antibody-free conditions. After
Harvard Medical Area IRB approval (Protocol #02570),
mice were sensitized with intraperitoneal injections of oval-
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bumin (OVA) (Grade III; Sigma Chemical Co., St. Louis,
Mo.) (10 mg) plus 1 mg aluminum hydroxide (ALUM) (J.
T. Baker Chemical Co.; Phillipsburg, N.J.) as adjuvant in 0.2
ml PBS on days 0 and 7. On days 14, 15, 16 and 17, the mice
received an analog of LXA, (15-epi,16-para-fluoro-phe-
noxy-LXA ,-methyl ester) (10 mg, 21.7 nmoles), mon-
telukast (13 mg, 21.7 nmoles) or PBS with 1.6 mM CaCl,
and 1.6 mM MgCl, (0.1 ml) by intravenous injection at least
1 h prior to an aerosol challenge containing either PBS or
6% OVA for 25 min/day. On day 18, 24 h after the last
aerosol challenge, bilateral bronchoalveolar lavage (BAL)
(2 aliquots of 1 ml PBS plus 0.6 mM EDTA) was performed.
BAL fluids were centrifuged (2000 g, 10 min) and cells were
resuspended in HBSS, enumerated by hemocytometer, and
concentrated onto microscope slides by cytocentrifuge
(STATspin) (265 g). Cells were stained with a Wright-
Giemsa stain (Sigma Chemical Co.) to determine leukocyte
differentials (after counting >200 cells).

[0063] FIG. 7. Depicts regulation of allergic airway
inflammation by 15-epi,16-para-fluoro-phenoxy-LXA ,-me-
thyl ester in comparison to a commercially available drug
(Montelukast) used to treat chronic asthma. Montelukast is
a leukotriene antagonist and is the subject of U.S. Pat. No.
5,565,473, the contents of which are incorporated herein in
their entirety. FIG. 7 provides that the LXA, methyl ester is
statistically more effective than Montelukast in terms of
lymphocyte reduction.

[0064] As a consequence of these studies, LXA, analogs
inhibit both airway hyper-responsiveness and inflammation
in response to allergen sensitization and aerosol challenges
in murine models of asthma. These models correlate with
and are acceptable models for validation in humans and
other mammals.

[0065] While the results of recent clinical trials in human
asthma have challenged long held views on the relationship
between airway inflammation and bronchial hyper-respon-
siveness>®-*!, the present invention provides that LXa pre-
vented both of these key asthma phenotypes in an experi-
mental model of asthma, displaying a multi-pronged impact
in vivo that in summation appears to give beneficial airway
responses.

[0066] When this longer acting stable analog mimetic of
endogenous XA, was administered prior to OVA aerosol,
airway hyper-responsiveness to methacholine as well as
several measures of inflammation were markedly reduced.
Indeed, pharmacologic levels of XA, had direct effects on
airway smooth muscle responses to challenge since native
LXA, itself given to human asthmatics inhibits LTC,-stimu-
lated airway hyper-responsiveness>* as well as blocks LTD,-
initiated constriction of airway smooth muscle in vitro®. In
addition to LXA,, analog actions on its cognate high affinity
receptor (ALX), LXA, and the present analog (constructed
on the aspirin-triggered 15-epimer LXA, biotemplate;
denoted here as L. Xa) compete for binding with high affinity
at LTD, recognition sites and compete at recombinant
cysLT1 receptors expressed in Chinese hamster ovary cells
in vitro'®. The LX-mediated decrements in allergic media-
tors documented are also be responsible, in part, for the
observed protection from the development of airway hyper-
responsiveness to methacholine. In this regard, recombinant
IL-4 and IL-13 induce airway hyper-responsiveness within
hours without inflammatory cell recruitment or mucus pro-
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duction®®, IL-13 decreases human airway smooth muscle
B-adrenergic responsiveness in vitro®, and IL-5 and eotaxin
lead to increased production of CysLT>% 27, which are potent
bronchoconstrictors®®. Taken together, these findings show
that endogenous LX’s produced within the local microen-
vironment might temporally regulate and reduce airway
hyper-responsiveness via multiple sites of action in vivo to
counterregulate pathways currently considered important in
the genesis of this asthma phenotype, namely via inhibition
of IL-5, IL-13 and CysLT-mediated actions on leukocytes,
epithelia and smooth muscle.

[0067] Pulmonary eosinophilia was also sharply reduced
in mice given [.Xa. Eosinophil recruitment to the lung in
asthma is primarily a consequence of Ty2 lymphocyte
activation®, which was reduced by LXa as evidenced by
lower levels of T2 cytokines in BAL fluid and decreased
number of lymphocytes in both BAL fluid and lung tissue.
LXA, may inhibit lymphocyte recruitment by competition
for ALX binding with the urokinase plasminogen activator
receptor, a potent lymphocyte chemoattractant>®. In addi-
tion, LXA, directly inhibits eosinophil chemotaxis®®, and
several of its stable analog mimetics block eotaxin formation
in vivo in parasite animal models®, promoting resolution of
allergen-mediated pleural inflammation®>. While endog-
enous LX production paralyzes splenic dendritic cell respon-
siveness to IL-12 and IL-12 production in the setting of
microbial immunity>*, LXa administration during allergen
challenge did not significantly alter I1.-12 levels in BAL
fluids, suggesting distinct sites of LXA, action in allergic
inflammation down-stream from dendritic cells. In aggre-
gate, the present invention provides potent inhibition by
LXa and lipoxin analogs for both T2 lymphocyte and
eosinophil recruitment in vivo, processes that characterize
asthma pathobiology. Moreover, the capacity for LXa and
lipoxin analogs to inhibit these inflammatory responses
raises the likelihood that endogenous LX production serves
in health as a pivotal regulatory event in airway and allergic
inflammation.

[0068] LX’swere generated endogenously during allergen
induced airway inflammation. The amounts of LXA, recov-
ered were similar to the levels of LTB,, yet amounts of both
of these eicosanoids were substantially lower than either
CysLT’s or PGE, within BAL of allergen challenged mice.
Spatial and temporal analyses during an acute inflammatory
response indicate that maximal LX levels recovered are
delayed in onset compared to either LT°s or PG’s and
concurrent with resolution, namely reduction of the exudate
rather than initiation of inflammation®. Thus, the local levels
of endogenously generated LLX’s after allergen challenge
determined in this model reflect not only the interval of
sample acquisition, but also the cell origins of the mediators
present in BAL and other spatial relationships to cellular
generators within the lung.

[0069] LXA, interacts with ALX to mediate leukocyte-
selective effects that promote resolutions” . In the present
invention, allergic pulmonary inflammation was dramati-
cally inhibited by expression of human ALX on murine
leukocytes leading to marked decreases in serum total IgE,
leukocyte tissue infiltration, and cytokine and lipid mediator
formation. Of note, parallel decreases in bronchial hyper-
responsiveness to methacholine were not observed in the
ALX-tg mice. An uncoupling or dissociation of airway
reactivity from inflammation per se has been uncovered in
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recent clinical trials®> ! and may have resulted from

restricted expression of the hALX transgene to cells express-
ing the CD11b promoter, namely, leukocytes and not resi-
dent tissues of the airways. Of interest, AL.X-tg and Non-tg
mice given [.Xa had similar reductions in I1.-13 and CysLT.
These findings suggest that the mechanisms for L. Xa-medi-
ated inhibition of bronchial hyper-responsiveness following
i.v. administration were distinct and likely secondary to the
recently established direct interactions between [LXa and
recombinant CysLT1 receptors'®. These present invention
also provides that an increased ligand, as given pharmaco-
logically via stable mimetic (L.Xa), or increased receptor
(ALX) expression can prevent allergic pulmonary inflam-
mation. Elucidation of endogenous regulators of X path-
ways further provide insight into its role in inflammatory
lung disease. Along these lines, whole blood from human
aspirin-intolerant asthmatic individuals gives reduced LX
biosynthetic capacity relative to aspirin-tolerant asthmatic or
healthy individuals®*, which it is believed accounts, in part,
for a more protracted and severe clinical course in patients
with aspirin-intolerant asthma.

[0070] The present invention provides direct protective
and regulatory roles for LX mimetics (lipoxin analogs of the
invention) in airway hyper-responsiveness and asthmatic
inflammation. In light of their ability to inhibit both of these
key asthma phenotypes in vivo, LX mimetics represent a
new treatment and therapeutic approach for asthma. Rather
than inhibiting the actions of a single class of airway
mediators to control asthma, LX (lipoxins) and their stable
analogs promote resolution of inflammation via multiple
mechanisms, including inhibition of leukocyte (eosinophil
and lymphocyte) recruitment and activation; cytokine and
chemokine production; and biosynthesis of pro-inflamma-
tory lipid mediators, as demonstrated here, as well as by
stimulating the non-phlogistic clearance of apoptotic leuko-
cytes®, blocking edema formation®?, and inhibiting neutro-
phil trafficking and functional responses'®. Of note, LX
stable analogs inhibit neutrophil responses in vivo with
similar potency as corticosteroids®®. Together, the present
invention provides the profile of in vivo actions of LXa
indicate that LX mimetics and related compounds could
provide novel therapeutic approaches to the treatment of
airway hyper-responsiveness and pulmonary inflammation
in select populations of human asthmatics.

[0071] The present invention has surprisingly uncovered
the ability for LX’s and their analogs described herein to
potently inhibit allergen-mediated pulmonary inflammation
and airway hyper-responsiveness, establishing novel multi-
pronged protective actions for these compounds. Moreover,
these results indicate that the LX system, including [.Xs and
ALX, plays pivotal and previously unappreciated roles in
regulating allergy and pulmonary inflammation of interest in
asthma and related pulmonary disorders.

[0072] The lipoxin analogs of the invention are useful in
the treatment and prevention of airway inflammation,
asthma and related disorders of the respiratory tract and
lung, such as chronic bronchitis, bronchiectasis, eosinophilic
lung diseases (including parasitic infection, idiopathic eosi-
nophilic pneumonias and Churg-Strauss vasculitis), allergic
bronchopulmonary aspergillosis, allergic inflammation of
the respiratory tract (including rhinitis and sinusitis), bron-
chiolitis, bronchiolitis obliterans, bronchiolitis obliterans
with organizing pneumonia, eosinophilic granuloma, Wege-
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ner’s granulomatosis, sarcoidosis, hypersensitivity pneu-
monitis, idiopathic pulmonary fibrosis, pulmonary manifes-
tations of connective tissue diseases, acute or chronic lung
injury, adult respiratory distress syndrome, plus several
other non-infectious, inflammatory disorders of the lung.

[0073] Additionally, lipoxin and the lipoxin analogs of the
invention are useful in the inhibition and/or treatment and/or
prevention of tissue injury, preservation of material for lung
transplantation, lung injury associated with parasite infec-
tion(s), chronic obstructive pulmonary disease (COPD)
(lipoxin and lipoxin analogs reduce lung damage from
infiltrating inflammatory cells in this disease), aspirin-intol-
erant asthma, airway destruction and loss of function due to
chronic inflammation, lung injury as a result of septic shock,
and lung injury as a result of operating room-induced
pumped lung syndrome (known as second-organ reperfusion
injury of the lung).

[0074] For example, the lipoxin analogs of the invention
are useful in the inhibition, treatment and/or prevetion of:
eosinophil-mediated inflammation of the lung or tissues;
neutrophil-mediated inflammation of the lung; lymphocyte-
mediated inflammation of the lung; cytokine and chemokine
production, including interleukin-5, interleukin-13 and
eotaxin; lipid mediator generation, including prostaglandin
E and cysteinyl leukotrienes; airway hyper-responsiveness;
and airway and vascular inflammation.

[0075] The lipoxins are lipoxygenase interaction products
or are based on such products. By definition, the lipoxins
include a conjugated tetraene containing structure and three
alcohol groups as defining features in this class of com-
pounds. The lipoxygenase/lipoxygenase interactions are
brought about during cell-cell interactions, and are exem-
plified by cells carrying 5-lipoxygenase that could interact
with either 15-lipoxygenase bearing cells, or 12-lipoxyge-
nase bearing cells in vivo to generate lipoxins. The stere-
ochemistry at the C15 position are of the S configuration.
More recently it was discovered that cyclooxygenase, which
is inhibited by aspirin and non-steroidal anti-inflammatory
drugs, and is also involved in the generation of prostanoids,
can play a role in the generation of novel class of tetraene
containing compounds, which have been isolated structur-
ally elucidated, namely 15 epimeric form of lipoxins.

[0076] Suprisingly, with the discovery of cyclooxyge-
nase-2 (an isoform of cyclooxygenase), that has an unusual
enzymatic clef, it was discovered that acetylation of the
enzyme by aspirin not only inhibits the generation of pros-
taglandins, but leads to continued activity of the COX-2 in
its acetyleated form to convert arachidonic acid to generate
15RHETE. 15RHETE is the biosynthetic pre-cursor that is
converted by neutrophils to 15-epi lipoxins. Again, these
compounds are cell cell interaction products that are gener-
ated by a unique biosynthetic route, namely the acetylation
of cyclooxygenase-2 by aspirin and its conversion of arachi-
donic acid to endogenous mediators that mimic the action of
natural lipoxins.

[0077] These are what have been termed “aspirin triggered
15-epi lipoxins™ or lipoxins that carry the alcohol group in
the C15 position and the R configuration. The distinction
between these two biochemical pathways, namely LO-LO
interaction versus cyclooxygenase-2 and LO interaction
provides some inferences as to the local mediator roles of
these compounds and where there may be effective as
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endogenous biological agents to regulate/down regulate
pro-inflammatory processes in vivo. The design and discov-
ery of analogs based on these structures, at present appear to
have similar biological actions and serve as mimetics of the
natural lipoxins. However, in the not to distant future, it may
become apparent that the aspirin COX-2 triggered pathway
may have a unique profile of actions, namely actions that are
specific for 15-epi lipoxins versus natural lipoxins. Setting a
barrier between these two geniuses should not only reflect
the chemical structures, but also their biosynthetic origins
and potential role in human and mammalian biology and
pharmacology.

[0078] In one embodiment, lipoxin analogs useful in the
invention have the formula (I)

[0079] wherein X is R;, OR,, or SR;;
[0080] wherein R is
[0081] (i) a hydrogen atom,;

[0082] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0083] (iii) a cycloalkyl of 3 to 10 carbon atoms;
[0084] (iv) an aralkyl of 7 to 12 carbon atoms;
[0085] (v) phenyl,
[0086] (vi) substituted phenyl
Zi Z;i
Zij;
Z, Ziy
[0087] wherein Z, Z;;, Zy;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R_ is 1 to 8 carbon atoms, inclusive,

which may be a straight chain or branched, and
hydroxyl;

[0088] (vii) a detectable label molecule; or

[0089] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;

[0090] wherein Q, is (C=0), SO, or (CN), provided
when Q, is CN, then X is absent;

[0091] wherein Q4 and Q, are each independently O,
S or NH;
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[0092] wherein one of R, and R; is a hydrogen atom
and the other is

[0093] (a) H;

[0094] (b) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0095] (c) a cycloalkyl of 3 to 6 carbon atoms,
inclusive;

[0096] (d) an alkenyl of 2 to 8 carbon atoms,
inclusive, which may be straight chain or
branched; or

[0097] (e) R,Q,R, wherein Q, is —O— or —S—;
wherein R, is alkylene of 0 to 6 carbon atoms,
inclusive, which may be straight chain or
branched and wherein R, is alkyl of O to 8 carbon
atoms, inclusive, which may be straight chain or
branched, provided when R, is O, then R, is a
hydrogen atom;

[0098] wherein R, is
[0099] (a) H;

[0100] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0101] wherein Ry is

Ziii

[0102] wherein Z;, Z;;, Z,;;, Z;, and Z,, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R_ is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted, branched

or unbranched alkyl group;

[0103] wherein Y, is —OH, methyl, —SH, an alkyl
of 2 to 4 carbon atoms, inclusive, straight chain or
branched, an alkoxy of 1 to 4 carbon atoms, inclu-
sive, or CH,Z, where a+b=3, a=0 to 3, b=0 to 3 and
Z is cyano, nitro or a halogen;

[0104] wherein Ry is
[0105] (a) H;

[0106] (b) an alkyl from 1 to 4 carbon atoms,
inclusive, straight chain or branched;

[0107] wherein T is O or S, and pharmaceutically
acceptable salts thereof.
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[0108] In another embodiment, compounds useful in the
invention have the formula (II)

HO on R

AN AN Q1X

Ry R3
Rs
/ T/

Rg Y,

[0109] wherein X is R;, OR,, or SR;
[0110] wherein R, is
[0111] (i) a hydrogen atom;

[0112] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0113] (iii) a cycloalkyl of 3 to 10 carbon atoms;
[0114] (iv) an aralkyl of 7 to 12 carbon atoms;
[0115] (v) phenyl;

[0116] (vi) substituted phenyl

Zi Zi;
Z;i
Z, Ziy

[0117] wherein Z;, Z;;, Z;;;, Z,, and Z,, are each inde-

pendently selected from —NO,, —CN, —C(=0)—
R;, —SO,H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl;

[0118] (vii) a detectable label molecule; or

[0119] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;

[0120] wherein Q, is (C=0), SO, or (CN), provided
when Q, is CN, then X is absent; wherein one of R,
and R, is a hydrogen atom and the other is

[0121] (a) H;
[0122] (b) an alkyl of 1 to 8 carbon atoms, inclu-

sive, which may be a straight chain or branched;

[0123] (c) a cycloalkyl of 3 to 6 carbon atoms,
inclusive;

[0124] (d) an alkenyl of 2 to 8 carbon atoms,
inclusive, which may be straight chain or
branched; or

[0125] (e) R,Q,R, wherein Q, is —O— or —S—;
wherein R, is alkylene of O to 6 carbon atoms,
inclusive, which may be straight chain or
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branched and wherein R, is alkyl of O to 8 carbon
atoms, inclusive, which may be straight chain or
branched, provided when R, is O, then R, is a
hydrogen atom;

[0126] wherein R, is
[0127] (a) H;
[0128] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0129] wherein Ry is

Zi Zi

Z;i

Z, Ziy

[0130] wherein Z;, Z;;, Zy;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted; branched

or unbranched alkyl group;

[0131] wherein Y, is —OH, methyl, —SH, an alkyl
of 2 to 4 carbon atoms, inclusive, straight chain or
branched, an alkoxy of 1 to 4 carbon atoms, inclu-
sive, or CH,Z, where a+b=3, a=0to 3, b=0 to 3 and
Z is cyano, nitro or a halogen;

[0132] wherein Ry is
[0133] (a) H;

[0134] (b) an alkyl from 1 to 4 carbon atoms,
inclusive, straight chain or branched;

[0135] wherein T is O or S, and pharmaceutically accept-
able salts thereof.

[0136] The invention is also directed to useful lipoxin
compounds having the formula (IIT)

HO on R
Qi
T T ~x
Ry R
Rs
F e
Rg OH

[0137] wherein X is R;, OR, or SR;;
[0138] wherein R, is
[0139] (i) a hydrogen atom,;

[0140] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0141] (iii) a cycloalkyl of 3 to 10 carbon atoms;

[0145] wherein Z;, Z,
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[0142] (iv) an aralkyl of 7 to 12 carbon atoms;
[0143] (v) phenyl,
[0144] (vi) substituted phenyl

Zi Zi;
Ziii
Z, Zyy

iis Lisi» Ly a0d Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and

hydroxyl;
[0146] (vii) a detectable label molecule; or

[0147] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;

[0148] wherein Q, is (C=0), SO, or (CN), provided

when Q, is CN, then X is absent;

[0149] wherein one of R, and R; is a hydrogen atom

and the other is
[0150] (2) H;

[0151] (b) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0152] (c) a cycloalkyl of 3 to 6 carbon atoms,
inclusive;

[0153] (d) an alkenyl of 2 to 8 carbon atoms,
inclusive, which may be straight chain or
branched; or

[0154] () R,Q,R, wherein Q, is —O— or —S—;
wherein R, is alkylene of 0 to 6 carbon atoms,
inclusive, which may be straight chain or
branched and wherein R, is alkyl of O to 8 carbon
atoms, inclusive, which may be straight chain or
branched, provided when R, is O, then R is a
hydrogen atom;

[0155] wherein R, is

[0156] (a) H;

[0157] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0158] wherein Ry is

Ziii
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[0159] wherein Z;, Z;;, Zy;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R_ is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted, branched

or unbranched alkyl group;
[0160] wherein Ry is
[0161] (a) H;

[0162] (b) an alkyl from 1 to 4 carbon atoms,
inclusive, straight chain or branched;

[0163] wherein T is O or S, and pharmaceutically
acceptable salts thereof.

[0164] The invention is further directed to useful lipoxin
compounds having the formula (IV)

HO OH
Q
TR ~x
Ry
Rs
/ T/
Rg OH

[0165] wherein X is R;, OR,, or SR;;
[0166] wherein R, is
[0167] (i) a hydrogen atom,;

[0168] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0169] (iii) a cycloalkyl of 3 to 10 carbon atoms;
[0170] (iv) an aralkyl of 7 to 12 carbon atoms;
[0171] (v) phenyl,

[0172] (vi) substituted phenyl

Zi Zi

Z;i

[0173] wherein Z;, Z,;, Z,;;, Z;, and Z,, are each inde-
pendently  selected from —NO,, —CN,
—C(=O0)R,, —SO;H, a hydrogen atom, halogen,
methyl, —OR_, wherein R, is 1 to 8 carbon atoms,
inclusive, which may be a straight chain or branched,
and hydroxyl;

[0174] (vii) a detectable label molecule; or

[0175] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;
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[0176] wherein Q, is (C=0), SO, or (CN), provided
when Q, is CN, then X is absent;

[0177] wherein R, is

[0178] (a) H;

[0179] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0180] wherein R; is

Zi Z;;
Ziii
Z, Ziy
[0181] wherein Z,, Z;;, Zs;;, Z;, and Z, are each indepen-

dently selected from —NO,, —CN, —C(=0)—R,,
—SO;H, a hydrogen atom, halogen, methyl, —OR_,
wherein R__ is 1 to 8 carbon atoms, inclusive, which may be
a straight chain or branched, and hydroxyl or a substituted
or unsubstituted, branched or unbranched alkyl group;

[0182]
[0183] (a) H;

wherein Ry is

[0184] (b) an alkyl from 1 to 4 carbon atoms,
inclusive, straight chain or branched;

[0185] wherein T is O or S, and pharmaceutically
acceptable salts thereof.

[0186] The invention is further directed to useful lipoxin
compounds having the formula (V)

HO OH
Q

Ry

OH

[0187] wherein X is R;, OR,, or SR;;
[0188] wherein R, is
[0189] (i) a hydrogen atom,;

[0190] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0191] (iii) a cycloalkyl of 3 to 10 carbon atoms;

[0192] (iv) an aralkyl of 7 to 12 carbon atoms;
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[0193] (v) phenyl,
[0194] (vi) substituted phenyl

Z;i

[0195] wherein Z;, Z;;, Zy;, Z;, and Z, are each inde-

pendently selected from -NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl;

[0196] (vii) a detectable label molecule; or

[0197] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;

[0198] wherein R, is
[0199] (a) H;

[0200] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0201] wherein Ry is

Z;i

[0202] wherein Z;, Z;, Z,, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,

Z.

iii>

—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted, branched
or unbranched alkyl group; and

[0203] pharmaceutically acceptable salts thereof.

[0204] In certain embodiments, X is OR; wherein R, is a
hydrogen atom, an alkyl group of 1 to 4 carbon atoms or a
pharmaceutically acceptable salt, Q, is C=0, R, and R, if
present, are hydrogen atoms, R, is a hydrogen atom or
methyl, Q5 and Q,, if present, are both O, R, if present, is
a hydrogen atom, Y,, if present, is OH, T is O and Rs is a
substituted phenyl, e.g.,

11
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Ziii

Ziy

[0205] wherein Z, Z;;, Zy;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;, —SO,H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl. In certain embodiments for R, para-fluo-
rophenyl and/or unsubstituted phenyl are optimal,
e.g., 15-epi-16-(para-fluoro)-phenoxy-LXA,,
16-(para-fluoro)-phenoxy-LXA,, 15-epi-16-phe-
noxy-LXA or 16-phenoxy-LXA,. The compounds
encompassed by U.S. Pat. No. 5,441,951 are
excluded from certain aspects of the present inven-
tion.

[0206] In still another aspect, the present invention is
directed to pharmaceutical compositions including com-
pounds having the above-described formulae and a pharma-
ceutically acceptable carrier. In one embodiment, the com-
pound is

[0207] In certain embodiments, Y, is a hydroxyl and the
carbon bearing the hydroxyl can have an R or S configura-
tion. In most embodiments, the chiral carbon bearing the
hydroxyl group, e.g., Y, is designated as a 15-epi-lipoxin as
is known in the art.

[0208] In certain embodiments the chirality of the carbons
bearing the R,, R;, Q; and Q, groups can each indepen-
dently be either R or S. In certain embodiments, Q5 and Q,
have the chiralities shown in structures II, III, IV or V.

[0209] In certain embodiments, R, is a hydrogen. In other
embodiments, R, is a hydrogen.

[0210] Additionally, R5 can be a substituted or unsubsti-
tuted, branched or unbranched alkyl group having between
1 and about 6 carbon atoms, preferably between 1 and 4
carbon atoms, most preferably between 1 and 3, and pref-
erably one or two carbon atoms. The carbon atoms can have
substituents which include halogen atoms, hydroxyl groups,
or ether groups.
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[0211] The compounds useful in the present invention can
be prepared by the following synthetic scheme:

HQ, QH R
Qy
N x
Me;Si Ry R,
Rs
Br/\K\{\T/
—_—
R¢ Yy
HQ, Qi R
o catalyst
| .
\ \ \X hydrogenanon
|| (optional)
Re Ry R
5 Ry
F T
Rg Y,

[0212] wherein X, Q;, Qs, Q4, R, R5, R, R, Ry, Y, and
T are as defined above. Suitable methods known in the art to
can be used to produce each fragment. For example, the
acetylenic fragment can be prepared by the methods dis-
cussed in Nicolaou, K. C. et al. (1991) Angew. Chem. Int.
Ed. Engl. 30:1100; Nicolaou, K. C. et al. (1989) J. Org.
Chem. 54:5527; Webber, S. E. et al. (1988) Adv. Exp. Med.
Biol. 229:61; and U.S. Pat. No. 5,441,951. The second
fragment can be prepared by the methods of Raduchel, B.
and Vorbruggen, H. (1985) Adv. Prostaglandin Thrombox-
ane Leukotriene Res. 14:263.

[0213] In another embodiment, compounds useful in the
invention have the formula (VI)

HQ, Qi R

[0214] wherein X is R;, OR, or SR;;
[0215] wherein R, is
[0216] (i) a hydrogen atom,;

[0217] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;
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[0218] (iii) a cycloalkyl of 3 to 10 carbon atoms;
[0219] (iv) an aralkyl of 7 to 12 carbon atoms;
[0220] (v) phenyl,

[0221] (vi) substituted phenyl

Zi Z;i

Ziii

[0222] wherein Z, Z;;, Zy;, Z;., and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;, —SO,H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and

hydroxyl;
[0223] (vii) a detectable label molecule; or

[0224] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;

[0225] wherein Q, is (C=0), SO, or (CN), provided
when Q, is CN, then X is absent;

[0226] wherein Q4 and Q, are each independently O,
S or NH;

[0227] wherein one of R, and R; is a hydrogen atom
and the other is

[0228] (a) H;

[0229] (b) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0230] (c) a cycloalkyl of 3 to 6 carbon atoms,
inclusive;

[0231] (d) an alkenyl of 2 to 8 carbon atoms,
inclusive, which may be straight chain or
branched; or

[0232] (e) R,Q,R, wherein Q, is —O— or —S=;
wherein R, is alkylene of 0 to 6 carbon atoms,
inclusive, which may be straight chain or
branched and wherein R, is alkyl of O to 8 carbon
atoms, inclusive, which may be straight chain or
branched, provided when R, is O, then R is a
hydrogen atom;

[0233] wherein R, is
[0234] () H;

[0235] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;
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[0236] wherein Ry is

Z;i

[0237] wherein Z, Z;;, Zy;, Z;, and Z, are each inde-

pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R_ is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted, branched
or unbranched alkyl group;

[0238] wherein Y, is —OH, methyl, —SH, an alkyl
of 2 to 4 carbon atoms, inclusive, straight chain or
branched, an alkoxy of 1 to 4 carbon atoms, inclu-
sive, or CH,Z, where a+b=3, a=0 to 3, b=0 to 3 and
Z is cyano, nitro or a halogen;

[0239] wherein Ry is
[0240] (a) H;

[0241] (b) an alkyl from 1 to 4 carbon atoms,
inclusive, straight chain or branched;

[0242] wherein T is O or S, and pharmaceutically
acceptable salts thereof.

[0243] Tt should be understood that the depictions of the
acetylenic portion of the lipoxin compounds described
throughout this specification are drawn for convenience and
not as actual representation of bond angles.

[0244] In another embodiment, compounds useful in the
invention have the formula (VII)

HO on R

Rs

Rg Yy

[0245] wherein X is R;, OR, or SR;;
[0246] wherein R, is
[0247] (i) a hydrogen atom,;

[0248] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0249] (iii) a cycloalkyl of 3 to 10 carbon atoms;
[0250] (iv) an aralkyl of 7 to 12 carbon atoms;
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[0251] (v) phenyl,
[0252] (vi) substituted phenyl

Zi Z;i
Ziii
Z, Ziy

[0253] wherein Z, Z;;, Zy;;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;, —SO,H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl;

[0254] (vii) a detectable label molecule; or

[0255] (viii) a straight or branched chain alkenyl of 2
to 8 carbon atoms, inclusive;

[0256] wherein Q, is (C=0), SO, or (CN), provided
when Q, is CN, then X is absent;

[0257] wherein one of R, and R; is a hydrogen atom
and the other is
[0258] (a) H;

[0259] (b) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0260] (c) a cycloalkyl of 3 to 6 carbon atoms,
inclusive;

[0261] (d) an alkenyl of 2 to 8 carbon atoms,
inclusive, which may be straight chain or
branched; or

[0262] (e) R,Q,R, wherein Q, is —O— or —S—;
wherein R, is alkylene of 0 to 6 carbon atoms,
inclusive, which may be straight chain or
branched and wherein R, is alkyl of O to 8 carbon
atoms, inclusive, which may be straight chain or
branched, provided when R, is 0, then R, is a
hydrogen atom;

[0263] wherein R, is
[0264] (2) H;

[0265] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0266] wherein R; is

Z;i
Z, Ziv

[0267] wherein Z, Z;;, Zy;, Z;., and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—

R;,, —SO;H, a hydrogen atom, halogen, methyl,
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—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted, branched
or unbranched alkyl group;

[0268] wherein Y, is —OH, methyl, —SH, an alkyl
of 2 to 4 carbon atoms, inclusive, straight chain or
branched, an alkoxy of 1 to 4 carbon atoms, inclu-
sive, or CH,Z, where a+b=3, a=0to 3, b=0 to 3 and
Z is cyano, nitro or a halogen;

[0269] wherein Ry is
[0270] (a) H;

[0271] (b) an alkyl from 1 to 4 carbon atoms,
inclusive, straight chain or branched;

[0272] wherein T is O or S, and pharmaceutically
acceptable salts thereof.

[0273] The invention is also directed to useful lipoxin
compounds having the formula (VIII)

HO on R

Qi

Rs

Rg OH

[0274] wherein X is R;, OR, or SR;;
[0275] wherein R, is
[0276] (i) a hydrogen atom,;

[0277] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0278] (iii) a cycloalkyl of 3 to 10 carbon atoms;
[0279] (iv) an aralkyl of 7 to 12 carbon atoms;
[0280] (v) phenyl,

[0281] (vi) substituted phenyl

Zi Zii

Ziii

[0282] wherein Z;, Z;, Z;; 5, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and

hydroxyl;
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[0283] (vii) a detectable label molecule; or

[0284] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;

[0285] wherein Q, is (C=0), SO, or (CN), provided
when Q, is CN, then X is absent;

[0286] wherein one of R, and R, is a hydrogen atom
and the other is

[0287] (2) H;

[0288] (b) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0289] (c) a cycloalkyl of 3 to 6 carbon atoms,
inclusive;

[0290] (d) an alkenyl of 2 to 8 carbon atoms,
inclusive, which may be straight chain or
branched; or

[0291] (e) R,Q,R, wherein Q, is —O— or —S—;
wherein R, is alkylene of 0 to 6 carbon atoms,
inclusive, which may be straight chain or
branched and wherein R, is alkyl of O to 8 carbon
atoms, inclusive, which may be straight chain or
branched, provided when R, is O, then R is a
hydrogen atom;

[0292] wherein R, is
[0293] (2) H;

[0294] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0295] wherein Ry is

Ziii

[0296] wherein Z, Z;;, Zy;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;, —SO,H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted, branched
or unbranched alkyl group;

[0297] wherein Ry is
[0298] (a) H;

[0299] (b) an alkyl from 1 to 4 carbon atoms,
inclusive, straight chain or branched;

[0300] wherein T is O or S, and pharmaceutically
acceptable salts thereof.
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[0301] The invention is further directed to useful lipoxin
compounds having the formula (IX)

HO, OH

AN AN QI\X

R¢ OH

Rs

[0302] wherein X is R;, OR,, or SR;;
[0303] wherein R, is
[0304] (i) a hydrogen atom,;

[0305] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0306] (iii) a cycloalkyl of 3 to 10 carbon atoms;
[0307] (iv) an aralkyl of 7 to 12 carbon atoms;
[0308] (v) phenyl,

[0309] (vi) substituted phenyl

Zi Zi

Z;i

Z, Z

[0310] wherein Z;, Z;;, Zy;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl;

[0311] (vii) a detectable label molecule; or

[0312] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;

[0313] wherein Q, is (C=0), SO, or (CN), provided
when Q, is CN, then X is absent;

[0314] wherein R, is
[0315] (a) H;

[0316] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;

[0317] wherein Ry is

Zi Zii

Z;i

Z, Zy,
[0318] wherein Z;, Z;;, Zy;;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;, SO;H, a hydrogen atom, halogen, methyl,
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—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted, branched
or unbranched alkyl group;

[0319] wherein Ry is
[0320] (2) H;

[0321] (b) an alkyl from 1 to 4 carbon atoms,
inclusive, straight chain or branched;

[0322] wherein T is O or S, and pharmaceutically
acceptable salts thereof.

[0323] The invention is further directed to useful lipoxin
compounds having the formula (X)

HO, OH

A VO QI\X

OH

[0324] wherein X is R;, OR,, or SR;;
[0325] wherein R, is
[0326] (i) a hydrogen atom,;

[0327] (ii) an alkyl of 1 to 8 carbon atoms, inclu-
sive, which may be straight chain or branched;

[0328] (iii) a cycloalkyl of 3 to 10 carbon atoms;
[0329] (iv) an aralkyl of 7 to 12 carbon atoms;
[0330] (v) phenyl,

[0331] (vi) substituted phenyl

Zi Zi;
Ziii
Z, Zyy

[0332] wherein Z, Z;;, Zy;, Z;, and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl;

[0333] (vii) a detectable label molecule; or

[0334] (viii) a straight or branched chain alkenyl of
2 to 8 carbon atoms, inclusive;

[0335] wherein R, is
[0336] (2) H;

[0337] (b) an alkyl of 1 to 6 carbon atoms, inclu-
sive, which may be a straight chain or branched;
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[0338] wherein Ry is

Zi Zi

Z;i

Z, Z

[0339] wherein Z;, Z;;, Zy;, Z;., and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl or a substituted or unsubstituted, branched
or unbranched alkyl group; and

[0340] pharmaceutically acceptable salts thereof.

[0341] In certain embodiments, X is OR; wherein R, is a
hydrogen atom, an alkyl group of 1 to 4 carbon atoms or a
pharmaceutically acceptable salt, Q, is C=0, R, and R, if
present, are hydrogen atoms, R, is a hydrogen atom or
methyl, Q5 and Q,, if present, are both O, R, if present, is
a hydrogen atom, Y,, if present, is OH, T is O and Rs is a
substituted phenyl, e.g.,

Zi Zi

Z;i

Z, Zy,

[0342] wherein Z;, Z;;, Zy;, Z;., and Z, are each inde-
pendently selected from —NO,, —CN, —C(=0)—
R;,, —SO;H, a hydrogen atom, halogen, methyl,
—OR_, wherein R_ is 1 to 8 carbon atoms, inclusive,
which may be a straight chain or branched, and
hydroxyl. In certain embodiments for Ry, para-fluo-
rophenyl and/or unsubstituted phenyl acetylenic
lipoxins are optimal, e.g., 15-epi-16-(para-fluoro)-
phenoxy-acetylenic LXA,, 16-(para-fluoro)-phe-
noxy-acetylenic LXA,, 15-epi-16-phenoxy-acety-
lenic LXA, or 16-phenoxy-acetylenic LXA,. The
compounds encompassed by U.S. Pat. No. 5,650,435
are excluded from certain aspects of the present
invention.

[0343] In still another aspect, the present invention is
directed to pharmaceutical compositions including com-
pounds having the above-described formulae and a pharma-
ceutically acceptable carrier. In one embodiment, an acety-
lenic lipoxin is

HO, OH

OH

[0344] In certain embodiments, Y, is a hydroxyl and the
carbon bearing the hydroxyl can have an R or S configura-
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tion. In most embodiments, the chiral carbon bearing the
hydroxyl group, e.g., Y, is designated as a 15-epi-lipoxin as
is known in the art.

[0345] In another embodiment, the lipoxin acetylenic ana-
log is (XI)
HO OH o
I Vg OR

[0346] wherein R is a lower alkyl group, ie., ethyl,
methyl, a hydrogen atom, or a pharmaceutically acceptable
salt. Lipoxin acetylenic analog XI had excellent anti-inflam-
matory properties as evidenced in FIGS. 5 and 6.

[0347] In certain embodiments the chirality of the carbons
bearing the R,, R;, Q; and Q, groups can each indepen-
dently be either R or S. In certain embodiments, Q5 and Q,
have the chiralities shown in structures II, III, IV or V.

[0348] In other embodiments, R, is a hydrogen. In still
other embodiments, R, is a hydrogen.

[0349] Additionally, R5 can be a substituted or unsubsti-
tuted, branched or unbranched alkyl group having between
1 and about 6 carbon atoms, preferably between 1 and 4
carbon atoms, most preferably between 1 and 3, and pref-
erably one or two carbon atoms. The carbon atoms can have
substituents which include halogen atoms, hydroxyl groups,
or ether groups.

[0350] In particular, the lipoxins and lipoxin analogs use-
ful for the above identified respiratory ailments include, for
example:

HO, OH a
|| N X OR
/ Y
&u
HO, OH a
X OR
|
/ Y
&

HO, OH a
(> )
OH
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-continued
HO OH O
| XX OR
OH
HO OH O
> -
P
HO 'CH,
HO OH O
| I N OR
y
HO CH,
HO OH O
(> -
P o
OH
HO OH O
| X OR
S o
OH

[0351] wherein R is a branched or unbranched alkyl,
alkylene, or alkynyl group having 1 to 20 carbon atoms, e.g.,
a methyl or ethyl group, a hydrogen atom, or a pharmaceu-
tically acceptable salt.

[0352] A “lipoxin analog” shall mean a compound which
has an “active region” that functions like the active region of
a “natural lipoxin”, but which has a “metabolic transforma-
tion region” that differs from natural lipoxin. Lipoxin ana-
logs include compounds which are structurally similar to a
natural lipoxin, compounds which share the same receptor
recognition site, compounds which share the same or similar
lipoxin metabolic transformation region as lipoxin, and
compounds which are art-recognized as being analogs of
lipoxin. Lipoxin analogs include lipoxin analog metabolites.
The compounds disclosed herein may contain one or more
centers of asymmetry. Where asymmetric carbon atoms are
present, more than one stereoisomer is possible, and all
possible isomeric forms are intended to be included within
the structural representations shown. Optically active (R)
and (S) isomers may be resolved using conventional tech-
niques known to the ordinarily skilled artisan. The present
invention is intended to include the possible diastereiomers
as well as the racemic and optically resolved isomers.
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Sep. 4, 2003

[0353] The terms “corresponding lipoxin” and “natural
lipoxin™ refer to a naturally-occurring lipoxin or lipoxin
metabolite. Where an analog has activity for a lipoxin-
specific receptor, the corresponding or natural lipoxin is the
normal ligand for that receptor. For example, where an
analog is a LXA, specific receptor on differentiated HL-60
cells, the corresponding lipoxin is LXA,. Where an analog
has activity as an antagonist to another compound (such as
leukotriene C4 and/orleukotriene D4), which is antagonized
by a naturally-occurring lipoxin, that natural lipoxin is the
corresponding lipoxin.

[0354] “Active region” shall mean the region of a natural
lipoxin or lipoxin analog, which is associated with in vivo
cellular interactions. The active region may bind the “rec-
ognition site” of a cellular lipoxin receptor or a macromol-
ecule or complex of macromolecules, including an enzyme
and its cofactor. Lipoxin A, analogs of the invention have an
active region comprising Cs-C,5 of natural lipoxin A,.
Llipoxin B, analogs have an active region comprising
C5-C14 of natural lipoxin B4.

[0355] The term “recognition site” or receptor is art-
recognized and is intended to refer generally to a functional
macromolecule or complex of macromolecules with which
certain groups of cellular messengers, such as hormones,
leukotrienes, and lipoxins, must first interact before the
biochemical and physiological responses to those messen-
gers are initiated. As used in this application, a receptor may
be isolated, on an intact or permeabilized cell, or in tissue,
including an organ. A receptor may be from or in a living
subject, or it may be cloned. A receptor may normally exist
or it may be induced by a disease state, by an injury, or by
artificial means. A compound of this invention may bind
reversibly, irreversibly, competitively, noncompetitively, or
uncompetitively with respect to the natural substrate of a
recognition site.

[0356] The term “metabolic transformation region” is
intended to refer generally to that portion of a lipoxin, a
lipoxin metabolite, or lipoxin analog including a lipoxin
analog metabolite, upon which an enzyme or an enzyme and
its cofactor attempts to perform one or more metabolic
transformations which that enzyme or enzyme and cofactor
normally transform on lipoxins. The metabolic transforma-
tion region may or may not be susceptible to the transfor-
mation. A nonlimiting example of a metabolic transforma-
tion region of a lipoxin is a portion of LXA,, that includes the
C-13,14 double bond or the C-15 hydroxyl group, or both.

[0357] The term “detectable label molecule” is meant to
include fluorescent, phosphorescent, and radiolabeled mol-
ecules used to trace, track, or identify the compound or
receptor recognition site to which the detectable label mol-
ecule is bound. The label molecule may be detected by any
of the several methods known in the art.

[0358] The term “labeled lipoxin analog” is further under-
stood to encompass compounds which are labeled with
radioactive isotopes, such as but not limited to tritium (°H),
deuterium (*H), carbon (**C), or otherwise labeled (e.g.
fluorescently). The compounds of this invention may be
labeled or derivatized, for example, for kinetic binding
experiments, for further elucidating metabolic pathways and
enzymatic mechanisms, or for characterization by methods
known in the art of analytical chemistry.

[0359] The term “inhibits metabolism” means the block-
ing or reduction of activity of an enzyme which metabolizes
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a native lipoxin. The blockage or reduction may occur by
covalent bonding, by irreversible binding, by reversible
binding which has a practical effect of irreversible binding,
or by any other means which prevents the enzyme from
operating in its usual manner on another lipoxin analog,
including a lipoxin analog metabolite, a lipoxin, or a lipoxin
metabolite.

[0360] The term “resists metabolism” is meant to include
failing to undergo one or more of the metabolic degradative
transformations by at least one of the enzymes which
metabolize lipoxins. Two nonlimiting examples of LXA,
analog that resists metabolism are 1) a structure which can
not be oxidized to the 15-0xo form, and 2) a structure which
may be oxidized to the 15-oxo form, but is not susceptible
to enzymatic reduction to the 13,14-dihydro form.

[0361] The term “more slowly undergoes metabolism”
means having slower reaction kinetics, or requiring more
time for the completion of the series of metabolic transfor-
mations by one or more of the enzymes which metabolize
lipoxin. A nonlimiting example of a LXA, analog which
more slowly undergoes metabolism is a structure which has
a higher transition state energy for C-15 dehydrogenation
than does LXA, because the analog is sterically hindered at
the C-16.

[0362] The term “tissue” is intended to include intact cells,
blood, blood preparations such as plasma and serum, bones,
joints, muscles, smooth muscles, and organs.

[0363] The term “halogen” is meant to include fluorine,
chlorine, bromine and iodine, or fluoro, chloro, bromo, and
iodo. In certain aspects, the compounds of the invention do
not include halogenated compounds, e.g., fluorinated com-
pounds.

[0364] The term “subject” is intended to include living
organisms susceptible to conditions or diseases caused or
contributed to by inflammation, asthma, asthma related
disorders of the respiratory tract and lung, or disorders of the
respiratory tract and lung as generally disclosed, but not
limited to, throughout this specification. Examples of sub-
jects include humans, dogs, cats, cows, goats, and mice. The
term subject is further intended to include transgenic spe-
cies.

[0365] When the compounds of the present invention are
administered as pharmaceuticals, to humans and mammals,
they can be given per se or as a pharmaceutical composition
containing, for example, 0.1 to 99.5% (more preferably, 0.5
to 90%) of active ingredient in combination with a pharma-
ceutically acceptable carrier.

[0366] The phrase “pharmaceutically acceptable carrier”
as used herein means a pharmaceutically acceptable mate-
rial, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, solvent or encapsulating material,
involved in carrying or transporting a compound(s) of the
present invention within or to the subject such that it can
perform its intended function. Typically, such compounds
are carried or transported from one organ, or portion of the
body, to another organ, or portion of the body. Each carrier
must be “acceptable” in the sense of being compatible with
the other ingredients of the formulation and not injurious to
the patient. Some examples of materials which can serve as
pharmaceutically acceptable carriers include: sugars, such as
lactose, glucose and sucrose; starches, such as corn starch
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and potato starch; cellulose, and its derivatives, such as
sodium carboxymethyl cellulose, ethyl cellulose and cellu-
lose acetate; powdered tragacanth; malt; gelatin; talc; excipi-
ents, such as cocoa butter and suppository waxes; oils, such
as peanut oil, cottonseed oil, safflower oil, sesame oil, olive
oil, corn oil and soybean oil; glycols, such as propylene
glycol; polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; esters, such as ethyl oleate and ethyl
laurate; agar; buffering agents, such as magnesium hydrox-
ide and aluminum hydroxide; alginic acid; pyrogen-free
water; isotonic saline; Ringer’s solution; ethyl alcohol;
phosphate buffer solutions; and other non-toxic compatible
substances employed in pharmaceutical formulations.

[0367] In certain embodiment, the compounds of the
present invention may contain one or more acidic functional
groups and, thus, are capable of forming pharmaceutically
acceptable salts with pharmaceutically acceptable bases.
The term “pharmaceutically acceptable salts, esters, amides,
and prodrugs” as used herein refers to those carboxylate
salts, amino acid addition salts, esters, amides, and prodrugs
of the compounds of the present invention which are, within
the scope of sound medical judgment, suitable for use in
contact with the tissues of patients without undue toxicity,
irritation, allergic response, and the like, commensurate with
a reasonable benefit/risk ratio, and effective for their
intended use of the compounds of the invention. The term
“salts” refers to the relatively non-toxic, inorganic and
organic acid addition salts of compounds of the present
invention. These salts can be prepared in situ during the final
isolation and purification of the compounds or by separately
reacting the purified compound in its free base form with a
suitable organic or inorganic acid and isolating the salt thus
formed. These may include cations based on the alkali and
alkaline earth metals, such as sodium, lithium, potassium,
calcium, magnesium and the like, as well as non-toxic
ammonium, quaternary ammonium, and amine cations
including, but not limited to ammonium; tetramethylammo-
nium, tetracthylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, ethylamine, and the like.
(See, for example, Berge S. M., et al., “Pharmaceutical
Salts,” J. Pharm. Sci., 1977;66:1-19 which is incorporated
herein by reference).

[0368] The term “pharmaceutically acceptable esters”
refers to the relatively non-toxic, esterified products of the
compounds of the present invention. These esters can be
prepared in situ during the final isolation and purification of
the compounds, or by separately reacting the purified com-
pound in its free acid form or hydroxyl with a suitable
esterifying agent. Carboxylic acids can be converted into
esters via treatment with an alcohol in the presence of a
catalyst. The term is further intended to include lower
hydrocarbon groups capable of being solvated under physi-
ological conditions, e.g., alkyl esters, methyl, ethyl and
propyl esters. In certain embodiments, the ester is not a
methyl ester (See, for example, Berge et al., supra.).

[0369] Wetting agents, emulsifiers and lubricants, such as
sodium lauryl sulfate and magnesium stearate, as well as
coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxi-
dants can also be present in the compositions.

[0370] Examples of pharmaceutically acceptable antioxi-
dants include: water soluble antioxidants, such as ascorbic
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acid, cysteine hydrochloride, sodium bisulfate, sodium met-
abisulfite, sodium sulfite and the like; oil-soluble antioxi-
dants, such as ascorbyl palmitate, butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl
gallate, alpha-tocopherol, and the like; and metal chelating
agents, such as citric acid, ethylenediamine tetraacetic acid
(EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

[0371] Formulations of the present invention include those
suitable for intravenous, oral, nasal, topical, transdermal,
buccal, sublingual, rectal, vaginal and/or parenteral admin-
istration. The formulations may conveniently be presented
in unit dosage form and may be prepared by any methods
well known in the art of pharmacy. The amount of active
ingredient which can be combined with a carrier material to
produce a single dosage form will generally be that amount
of the compound which produces a therapeutic effect. Gen-
erally, out of one hundred percent, this amount will range
from about 1 percent to about ninety-nine percent of active
ingredient, preferably from about 5 percent to about 70
percent, most preferably from about 10 percent to about 30
percent.

[0372] Methods of preparing these formulations or com-
positions include the step of bringing into association a
compound of the present invention with the carrier and,
optionally, one or more accessory ingredients. In general, the
formulations are prepared by uniformly and intimately
bringing into association a compound of the present inven-
tion with liquid carriers, or finely divided solid carriers, or
both, and then, if necessary, shaping the product.

[0373] Formulations of the invention suitable for oral
administration may be in the form of capsules, cachets, pills,
tablets, lozenges (using a flavored basis, usually sucrose and
acacia or tragacanth), powders, granules, or as a solution or
a suspension in an aqueous or non-aqueous liquid, or as an
oil-in-water or water-in-oil liquid emulsion, or as an elixir or
syrup, or as pastilles (using an inert base, such as gelatin and
glycerin, or sucrose and acacia) and/or as mouth washes and
the like, each containing a predetermined amount of a
compound of the present invention as an active ingredient.
A compound of the present invention may also be admin-
istered as a bolus, electuary or paste.

[0374] In solid dosage forms of the invention for oral
administration (capsules, tablets, pills, dragees, powders,
granules and the like), the active ingredient is mixed with
one or more pharmaceutically acceptable carriers, such as
sodium citrate or dicalcium phosphate, and/or any of the
following: fillers or extenders, such as starches, lactose,
sucrose, glucose, mannitol, and/or silicic acid; binders, such
as, for example, carboxymethylcellulose, alginates, gelatin,
polyvinyl pyrrolidone, sucrose and/or acacia; humectants,
such as glycerol; disintegrating agents, such as agar-agar,
calcium carbonate, potato or tapioca starch, alginic, acid,
certain silicates, and sodium carbonate; solution retarding
agents, such as paraffin; absorption accelerators, such as
quaternary ammonium compounds; wetting agents, such as,
for example, cetyl alcohol and glycerol monostearate; absor-
bents, such as kaolin and bentonite clay; lubricants, such a
talc, calcium stearate, magnesium stearate, solid polyethyl-
ene glycols, sodium lauryl sulfate, and mixtures thereof; and
coloring agents. In the case of capsules, tablets and pills, the
pharmaceutical compositions may also comprise buffering
agents. Solid compositions of a similar type may also be
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employed as fillers in soft and hard-filled gelatin capsules
using such excipients as lactose or milk sugars, as well as
high molecular weight polyethylene glycols and the like.

[0375] A tablet may be made by compression or molding,
optionally with one or more accessory ingredients. Com-
pressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert
diluent, preservative, disintegrant (for example, sodium
starch glycolate or cross-linked sodium carboxymethyl cel-
lulose), surface-active or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of
the powdered compound moistened with an inert liquid
diluent.

[0376] The tablets, and other solid dosage forms of the
pharmaceutical compositions of the present invention, such
as dragees, capsules, pills and granules, may optionally be
scored or prepared with coatings and shells, such as enteric
coatings and other coatings well known in the pharmaceu-
tical-formulating art. They may also be formulated so as to
provide slow or controlled release of the active ingredient
therein using, for example, hydroxypropylmethyl cellulose
in varying proportions to provide the desired release profile,
other polymer matrices, liposomes and/or microspheres.
They may be sterilized by, for example, filtration through a
bacteria-retaining filter, or by incorporating sterilizing
agents in the form of sterile solid compositions which can be
dissolved in sterile water, or some other sterile injectable
medium immediately before use. These compositions may
also optionally contain opacifying agents and may be of a
composition that they release the active ingredient(s) only,
or preferentially, in a certain portion of the gastrointestinal
tract, optionally, in a delayed manner. Examples of embed-
ding compositions which can be used include polymeric
substances and waxes. The active ingredient can also be in
micro-encapsulated form, if appropriate, with one or more of
the above-described excipients.

[0377] Liquid dosage forms for oral administration of the
compounds of the invention include pharmaceutically
acceptable emulsions, microemulsions, solutions, suspen-
sions, syrups and elixirs. In addition to the active ingredient,
the liquid dosage forms may contain inert diluents com-
monly used in the art, such as, for example, water or other
solvents, solubilizing agents and emulsifiers, such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-
butylene glycol, oils (in particular, cottonseed, groundnut,
corn, germ, olive, castor and sesame oils), glycerol, tetrahy-
drofuryl alcohol, polyethylene glycols and fatty acid esters
of sorbitan, and mixtures thereof.

[0378] Besides inert diluents, the oral compositions can
also include adjuvants such as wetting agents, emulsifying
and suspending agents, sweetening, flavoring, coloring, per-
fuming and preservative agents.

[0379] Suspensions, in addition to the active compounds,
may contain suspending agents as, for example, ethoxylated
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum metahydroxide,
bentonite, agar-agar and tragacanth, and mixtures thereof.

[0380] Formulations of the pharmaceutical compositions
of the invention for rectal or vaginal administration may be
presented as a suppository, which may be prepared by
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mixing one or more compounds of the invention with one or
more suitable nonirritating excipients or carriers comprising,
for example, cocoa butter, polyethylene glycol, a supposi-
tory wax or a salicylate, and which is solid at room tem-
perature, but liquid at body temperature and, therefore, will
melt in the rectum or vaginal cavity and release the active
compound.

[0381] Formulations of the present invention which are
suitable for vaginal administration also include pessaries,
tampons, creams, gels, pastes, foams or spray formulations
containing such carriers as are known in the art to be
appropriate.

[0382] Dosage forms for the topical or transdermal admin-
istration of a compound of this invention include powders,
sprays, ointments, pastes, creams, lotions, gels, solutions,
patches and inhalants. The active compound may be mixed
under sterile conditions with a pharmaceutically acceptable
carrier, and with any preservatives, buffers, or propellants
which may be required.

[0383] The ointments, pastes, creams and gels may con-
tain, in addition to an active compound of this invention,
excipients, such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polyeth-
ylene glycols, silicones, bentonites, silicic acid, talc and zinc
oxide, or mixtures thereof.

[0384] Powders and sprays can contain, in addition to a
compound of this invention, excipients such as lactose, talc,
silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays
can additionally contain customary propellants, such as
chlorofluorohydrocarbons and volatile unsubstituted hydro-
carbons, such as butane and propane.

[0385] Transdermal patches have the added advantage of
providing controlled delivery of a compound of the present
invention to the body. Such dosage forms can be made by
dissolving or dispersing the compound in the proper
medium. Absorption enhancers can also be used to increase
the flux of the compound across the skin. The rate of such
flux can be controlled by either providing a rate controlling
membrane or dispersing the active compound in a polymer
matrix or gel.

[0386] Ophthalmic formulations, eye ointments, powders,
solutions and the like, are also contemplated as being within
the scope of this invention.

[0387] Pharmaceutical compositions of this invention suit-
able for parenteral administration comprise one or more
compounds of the invention in combination with one or
more pharmaceutically acceptable sterile isotonic aqueous
or nonaqueous solutions, dispersions, suspensions or emul-
sions, or sterile powders which may be reconstituted into
sterile injectable solutions or dispersions just prior to use,
which may contain antioxidants, buffers, bacteriostats, sol-
utes which render the formulation isotonic with the blood of
the intended recipient or suspending or thickening agents.

[0388] Examples of suitable aqueous and nonaqueous
carriers which may be employed in the pharmaceutical
compositions of the invention include water, ethanol, poly-
ols (such as glycerol, propylene glycol, polyethylene glycol,
and the like), and suitable mixtures thereof, vegetable oils,
such as olive oil, and injectable organic esters, such as ethyl
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oleate. Proper fluidity can be maintained, for example, by
the use of coating materials, such as lecithin, by the main-
tenance of the required particle size in the case of disper-
sions, and by the use of surfactants.

[0389] These compositions may also contain adjuvants
such as preservatives, wetting agents, emulsifying agents
and dispersing agents. Prevention of the action of microor-
ganisms may be ensured by the inclusion of various anti-
bacterial and antifungal agents, for example, paraben, chlo-
robutanol, phenol sorbic acid, and the like. It may also be
desirable to include isotonic agents, such as sugars, sodium
chloride, and the like into the compositions. In addition,
prolonged absorption of the injectable pharmaceutical form
may be brought about by the inclusion of agents which delay
absorption such as aluminum monostearate and gelatin.

[0390] In some cases, in order to prolong the effect of a
drug, it is desirable to slow the absorption of the drug from
subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline
or amorphous material having poor water solubility. The rate
of absorption of the drug then depends upon its rate of
dissolution which, in turn, may depend upon crystal size and
crystalline form. Alternatively, delayed absorption of a
parenterally-administered drug form is accomplished by
dissolving or suspending the drug in an oil vehicle.

[0391] Injectable depot forms are made by forming
microencapsule matrices of the subject compounds in bio-
degradable polymers such as polylactide-polyglycolide.
Depending on the ratio of drug to polymer, and the nature of
the particular polymer employed, the rate of drug release can
be controlled. Examples of other biodegradable polymers
include poly(orthoesters) and poly(anhydrides). Depot
injectable formulations are also prepared by entrapping the
drug in liposomes or microemulsions which are compatible
with body tissue.

[0392] The preparations of the present invention may be
given orally, parenterally, topically, or rectally. They are of
course given by forms suitable for each administration route.
For example, they are administered in tablets or capsule
form, by injection, inhalation, eye lotion, ointment, supposi-
tory, etc. administration by injection, infusion or inhalation;
topical by lotion or ointment; and rectal by suppositories.
Intravenous injection administration is preferred.

[0393] The phrases “parenteral administration” and
“administered parenterally” as used herein means modes of
administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intra-
venous, intramuscular, intraarterial, intrathecal, intracapsu-
lar, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutancous, subcuticular, intraarticular, sub-
capsular, subarachnoid, intraspinal and intrasternal injection
and infusion.

29¢¢

[0394] The phrases “systemic administration,”adminis-
tered systematically,”peripheral administration” and
“administered peripherally” as used herein mean the admin-
istration of a compound, drug or other material other than
directly into the central nervous system, such that it enters
the patient’s system and, thus, is subject to metabolism and
other like processes, for example, subcutaneous administra-
tion.

[0395] These compounds may be administered to humans
and other animals for therapy by any suitable route of
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administration, including orally, nasally, as by, for example,
a spray, rectally, intravaginally, parenterally, intracistemally
and topically, as by powders, ointments or drops, including
buccally and sublingually.

[0396] Regardless of the route of administration selected,
the compounds of the present invention, which may be used
in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into
pharmaceutically acceptable dosage forms by conventional
methods known to those of ordinary skill in the art.

[0397] Actual dosage levels of the active ingredients in the
pharmaceutical compositions of this invention may be var-
ied so as to obtain an amount of the active ingredient which
is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration,
without being toxic to the patient.

[0398] The seclected dosage level will depend upon a
variety of factors including the activity of the particular
compound of the present invention employed, or the ester,
salt or amide thereof, the route of administration, the time of
administration, the rate of excretion of the particular com-
pound being employed, the duration of the treatment, other
drugs, compounds and/or materials used in combination
with the particular compound employed, the age, sex,
weight, condition, general health and prior medical history
of the patient being treated, and like factors well known in
the medical arts.

[0399] A physician or veterinarian having ordinary skill in
the art can readily determine and prescribe the effective
amount of the pharmaceutical composition required. For
example, the physician or veterinarian could start doses of
the compounds of the invention employed in the pharma-
ceutical composition at levels lower than that required in
order to achieve the desired therapeutic effect and gradually
increase the dosage until the desired effect is achieved.

[0400] In general, a suitable daily dose of a compound of
the invention will be that amount of the compound which is
the lowest dose effective to produce a therapeutic effect.
Such an effective dose will generally depend upon the
factors described above. Generally, intravenous and subcu-
taneous doses of the compounds of this invention for a
patient, when used for the indicated analgesic effects, will
range from about 0.0001 to about 100 mg per kilogram of
body weight per day, more preferably from about 0.01 to
about 50 mg per kg per day, and still more preferably from
about 0.1 to about 40 mg per kg per day. For example,
between about 0.01 microgram and 20 micrograms, between
about 20 micrograms and 100 micrograms and between
about 10 micrograms and 200 micrograms of the compounds
of the invention are administered per 20 grams of subject
weight.

[0401] If desired, the effective daily dose of the active
compound may be administered as two, three, four, five, six
or more sub-doses administered separately at appropriate
intervals throughout the day, optionally, in unit dosage
forms.

[0402] Delivery of the lipoxin anlogs of the present inven-
tion to the lung by way of inhalation is an important method
of treating a variety of respiratory conditions noted through-
out the specification, including such common local condi-
tions as bronchial asthma and chronic obstructive pulmonary
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disease. The lipoxin analogs can be administered to the lung
in the form of an aerosol of particles of respirable size (less
than about 10 gm in diameter). The aerosol formulation can
be presented as a liquid or a dry powder. In order to assure
proper particle size in a liquid aerosol, as a suspension,
particles can be prepared in respirable size and then incor-
porated into the suspension formulation containing a pro-
pellant. Alternatively, formulations can be prepared in solu-
tion form in order to avoid the concern for proper particle
size in the formulation. Solution formulations should be
dispensed in a manner that produces particles or droplets of
respirable size.

[0403] Once prepared an aerosol formulation is filled into
an aerosol canister equipped with a metered dose valve. The
formulation is dispensed via an actuator adapted to direct the
dose from the valve to the subject.

[0404] Formulations of the invention can be prepared by
combining (i) at least one lipoxin analog in an amount
sufficient to provide a plurality of therapeutically effective
doses; (ii) the water addition in an amount effective to
stabilize each of the formulations; (iii) the propellant in an
amount sufficient to propel a plurality of doses from an
aerosol canister; and (iv) any further optional components
e.g. ethanol as a cosolvent; and dispersing the components.
The components can be dispersed using a conventional
mixer or homogenizer, by shaking, or by ultrasonic energy.
Bulk formulation can be transferred to smaller individual
aerosol vials by using valve to valve transfer methods,
pressure filling or by using conventional cold-fill methods.
It is not required that a stabilizer used in a suspension
aerosol formulation be soluble in the propellant. Those that
are not sufficiently soluble can be coated onto the drug
particles in an appropriate amount and the coated particles
can then be incorporated in a formulation as described
above.

[0405] Aerosol canisters equipped with conventional
valves, preferably metered dose valves, can be used to
deliver the formulations of the invention. Conventional
neoprene and buna valve rubbers used in metered dose
valves for delivering conventional CFC formulations can be
used with formulations containing HFC-134a or HFC-227.
Other suitable materials include nitrile rubber such as
DB-218 (American Gasket and Rubber, Schiller Park, I11.) or
an EPDM rubber such as Vistalon™. (Exxon), Royalene™
(UniRoyal), bunaEP (Bayer). Also suitable are diaphragms
fashioned by extrusion, injection molding or compression
molding from a thermoplastic elastomeric material such as
FLEXOMER™ GERS 1085 NT polyolefin (Union Car-
bide).

[0406] Formulations of the invention can be contained in
conventional acrosol canisters, coated or uncoated, anodized
or unanodized, e.g., those of aluminum, glass, stainless steel,
polyethylene terephthalate.

[0407] The formulation(s) of the invention can be deliv-
ered to the respiratory tract and/or lung by oral inhalation in
order to effect bronchodilation or in order to treat a condition
susceptible of treatment by inhalation, e.g., asthma, chronic
obstructive pulmonary disease, etc. as described throughout
the specification.

[0408] The formulations of the invention can also be
delivered by nasal inhalation as known in the art in order to
treat or prevent the respiratory conditions mentioned
throughout the specification.
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[0409] While it is possible for a compound of the present
invention to be administered alone, it is preferable to admin-
ister the compound as a pharmaceutical composition.

[0410] The invention features an article of manufacture
that contains packaging material and a lipoxin formulation
contained within the packaging material. This formulation
contains an at least one lipoxin analog and the packaging
material contains a label or package insert indicating that the
formulation can be administered to the subject to treat one
or more respiratory conditions, in an amount, at a frequency,
and for a duration effective to treat or prevent such respi-
ratory condition(s). Such conditions are mentioned through-
out the specification and are incorporated herein by refer-
ence.

[0411] More specifically, the invention features an article
of manufacture that contains packaging material and a
lipoxin formulation contained within the packaging mate-
rial. This formulation contains at least one lipoxin anlog.
The packaging material contains a label or package insert
indicating that the formulation can be administered to the
subject to asthma in an amount, at a frequency, and for a
duration effective treat or prevent asthma symptoms.

Methods

[0412] Sensitization and challenge protocols. Five to
seven week old male BALB/c (Charles River Laboratories,
Wilmington, Mass.) or female hCD11b-hALX FvB trans-
genic mice were housed in isolation cages under viral
antibody-free conditions. After Harvard Medical Area IRB
approval (Protocol #02570), mice were sensitized with intra-
peritoneal injections of ovalbumin (OVA) (Grade III; Sigma
Chemical Co., St. Louis, Mo.) (10 ug) plus 1 mg aluminum
hydroxide (ALUM) (J. T. Baker Chemical Co.; Phillipsburg,
N.J) as adjuvant in 0.2 m1 PBS on days 0 and 7. On days 14,
15, 16 and 17, the mice received 10 pg/mouse of an analog
(ref. 16) of LXA, (15-epi,16-para-fluoro-phenoxy-LXA ;-
methyl ester, LXa) or PBS with 1.6 mM CaCl, and 1.6 mM
MgCl, (0.1 ml) by intravenous injection at least 1 h prior to
an aerosol challenge containing either PBS or 6% OVA for
25 min/day. The analog was designed to resist rapid enzy-
matic inactivation and was based on the structure of the
aspirin-triggered 15-epi-LXA, (ref. 16), which carries its
carbon 15 position alcohol in the R configuration or
epimeric (R) to native LXA,. On day 18, 24 h after the last
aerosol challenge, airway responsiveness to intravenous
methacholine (33-1000 ug/kg) was measured, bilateral bron-
choalveolar lavage (BAL) (2 aliquots of 1 ml PBS plus 0.6
mM EDTA) was performed and tissues (whole blood, lungs,
mediastinal lymph nodes and spleen) were harvested for
histological analysis. Lung resistance (R;) was measured
using a sealed constant mass plethysmograph. The effective
dose of methacholine required to increase R; to 200% of
control values was defined as the ED,, and used as an index
of airway responsiveness (as in refs. 14, 15). For mice
studied using a whole body plethysmograph to assess airway
responsiveness (Buxco), each mouse was placed into a
chamber and box pressure/time waveform was analyzed to
yield the indicator of airflow obstruction, enhanced pause
(Penh). PBS or methacholine (100 mg/ml) was given by
aerosol through an inlet of the chamber for 4.5 min. Read-
ings were initiated at 3 min and continued for 12 min. Peak
and one min average Penh values were determined. Serum
total IgE levels were determined by ELISA (Crystal Chem,
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Chicago, I1l.). In situ hybridization of murine ALX was
performed using an anti-sense oligonucleotide probe (534 bp
in length) corresponding to nucleic acids +581-+1115 (Gen-
Bank Accession No. NM008042) with the assistance of the
Dana-Farber/Harvard Cancer Center Pathology Core Facil-
ity (under the direction of Dr. Massimo Loda).

[0413] Allergen-initiated respiratory inflammation. Mea-
surement of inflammatory mediators was determined in
cell-free BAL fluid (2000 g, 10 min) by sensitive and
specific ELISA’s, in tandem, for interleukin-5 (IL-5), IL-13,
eotaxin, tumor necrosis factor (TNFa) (R&D Systems,
Minneapolis, Minn.), LTB,, cysteinyl LT, PGE, (Cayman
Chemical Co., Ann Arbor, Mich.), and LXA, (Neogen,
Lexington, Ky.). Cells were resuspended in HBSS, enumer-
ated by hemocytometer, and concentrated onto microscope
slides by cytocentrifuge (STATspin) (265 g). Cells were
stained with a Wright-Giemsa stain (Sigma Chemical Co.) to
determine leukocyte differentials (after counting =200
cells).

[0414] Eosinophil tissue infiltration. Five minutes after
topical delivery of LXa (10 ug in 10 ul acetone) or vehicle
control, PGE, (1 ug, Cayman Chemical Co.) plus LTB, (1
ug, Cayman Chemical Co.) were topically applied employ-
ing 10 ul acetone that rapidly evaporates to the inside of left
and right ears of male mice (hCD11b-hALX FvB transgenic,
hCD11b-hBLT FvB transgenic>° or age and gender-matched
non-transgenic littermates; 4-5 months old, ~30 g body
weight). After 13-16 h, 6 mm diameter skin punch biopsies
(Acu-Punch, Fisher Scientific, Pittsburgh, Pa.) were
obtained. Samples were sliced finely with scalpels, homog-
enized in 400 ul of potassium phosphate buffer (pH 6.0)
containing 0.5% hexadecyltrimethylammonium bromide,
followed by three cycles of sonication and freeze-thaw. The
particulate matter was removed by centrifugation (16,000g
for 20 min) and resulting supernatants were assayed for
eosinophil peroxidase (EPO) activity as in ref. 37. Briefly,
3-(4-hydroxyphenyl) propionic acid (HPA, Aldrich, Mil-
waukee, Wis.) (100 uM) was exposed (10 min, 37° C.) to
partially purified EPO (~75-150 ug extracted ear skin pro-
tein) in the presence of NaBr (100 uM). EPO activity was
monitored by mono-bromination of HPA (Br-HPA). To
extract Br-HPA, tissue samples were spiked with an internal
standard  (L-tyrosine(ring)-d,, Cambridge Isotopes,
Andover, Mass.), loaded onto C18 SepPak cartridges
(Waters, Milford, Mass.) for extraction in 0.1% TFA, eluted
with MeOH:dH,O (1:1, v/v)+0.1% TFA, brought to dryness
in vacuo (rotoevaporation) and derivatized (overnight) with
BSTFA (Pierce, Rockford, IIl.). Trimethyl silylated HPA,
Br-HPA and d,-tyrosine were detected by GC-MS (GC
model # 6890, MS model #5973, Hewlett Packard, San
Fernando, Calif.). HPA-TMS had a retention time of 7.01
min with diagnostic molecular ion (M*=310) and mass
fragmentation, including m/z 295 [M*—CH,], m/z 192
[M*—COOTMS], and a base peak of m/z 179 [M*—
CH,COOTMS]. Br-HPA-TMS had a retention time of 9.30
min with diagnostic molecular ion (M*=390) and mass
fragmentation, including m/z 375 [M*—CH,], m/z 272
[M*—COOTMS], and a base peak of m/z 259 [M*—
CH,COOTMS]. In addition, the mass spectrum of Br-HPA
demonstrated the isotopic pattern of a monobrominated
species. EPO activity was quantitated by percent conversion
of HPA to Br-HPA, taking into account the recovery of the
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internal standard (>80%) and normalized for the samples’
protein content (determined by BioRad protein reagent)
(BioRad, Hercules, Calif.).

TABLE 1
Eicosanoid Levels (pg/ml) BAL Samples (n)
PGE, 1117.7 = 103.8 5
CysLT 139.0 £27.3 9
ITB, 6.4 £2.3 9
LXA, 15.0 £3.3 5

*Mice were sensitized to OVA and challenged daily with an aerosol of 6%
OVA for 4 consecutive days (see Methods). BAL was performed 24 h
after the final OVA aerosol. After centrifugation, eicosanoid levels were
determined using ELISA’s with the cell-free BAL supernatants. Values are
the mean (pg/ml) of duplicate determinations.
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What is claimed is:

1. A method for treating or preventing disorders of the
respiratory tract or lung comprising the step of administering
to a subject in need thereof, a therapeutically effective
amount of a lipoxin analog having the formula

HQ;4 Q:H R

wherein X is R, OR,, or SR;;
wherein R, is
(i) a hydrogen atom;

(i) an alkyl of 1 to 8 carbon atoms, inclusive, which
may be straight chain or branched;

(iii) a cycloalkyl of 3 to 10 carbon atoms;
(iv) an aralkyl of 7 to 12 carbon atoms;
(v) phenyl;

(vi) substituted phenyl

Z;i

z, Z,

wherein Z,, Z;, Zi;, Zi, and Z, are each independently
selected from —NO,, —CN, —C(=0)—R,;, —SO;H,
a hydrogen atom, halogen, methyl, —OR_, wherein R
is 1 to 8 carbon atoms, inclusive, which may be a

straight chain or branched, and hydroxyl;
(vii) a detectable label molecule; or

(viii) a straight or branched chain alkenyl of 2 to 8
carbon atoms, inclusive;
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wherein Q, is (C==0), SO, or (CN), provided when Q, is
CN, then X is absent;

wherein Q5 and Q, are each independently O, S or NH;

wherein one of R, and R; is a hydrogen atom and the other
is

(2) H;

(b) an alkyl of 1 to 8 carbon atoms, inclusive, which
may be a straight chain or branched;

(c) a cycloalkyl of 3 to 6 carbon atoms, inclusive;

(d) an alkenyl of 2 to 8 carbon atoms, inclusive, which
may be straight chain or branched; or

(e) R,Q,R, wherein Q, is —O— or —S—; wherein R,
is alkylene of 0 to 6 carbon atoms, inclusive, which
may be straight chain or branched and wherein R, is
alkyl of O to 8 carbon atoms, inclusive, which may be
straight chain or branched, provided when R, is O,
then R, is a hydrogen atom;

wherein R, is
(@ H;

(b) an alkyl of 1 to 6 carbon atoms, inclusive, which
may be a straight chain or branched;

wherein Ry is

Ziii
Z, Ziy

wherein Z;, Z;;, Zy;;, Z;, and Z, are each independently
selected from —NO,, —CN, —C(=0)—R,, —SO,H,
a hydrogen atom, halogen, methyl, —OR_, wherein R
is 1 to 8 carbon atoms, inclusive, which may be a
straight chain or branched, and hydroxyl or a substi-
tuted or unsubstituted, branched or unbranched alkyl

group;

wherein Y, is —OH, methyl, —SH, an alkyl of 2 to 4
carbon atoms, inclusive, straight chain or branched, an
alkoxy of 1 to 4 carbon atoms, inclusive, or CH,Z,
where a+b=3, a=0 to 3, b=0 to 3 and Z is cyano, nitro
or a halogen;

wherein R is
(@ H;

(b) an alkyl from 1 to 4 carbon atoms, inclusive,
straight chain or branched;

wherein T'is O or S, and pharmaceutically acceptable salts
thereof, thereby treating or preventing disorders of the
respiratory tract or lung in the subject.
2. The method of claim 1, wherein the disorder of the
respiratory tract is chronic bronchitis.
3. The method of claim 1, wherein the disorder of the
respiratory tract is bronchiectasis.
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4. The method of claim 1, wherein the disorder of the
respiratory tract is eosinophilic lung diseases.

5. The method of claim 1, wherein the disorder of the
respiratory tract is allergic bronchopulmonary aspergillosis.

6. The method of claim 1, wherein the disorder of the
respiratory tract is allergic inflammation of the respiratory
tract.

7. The method of claim 1, wherein the disorder of the
respiratory tract is bronchiolitis.

8. The method of claim 1, wherein the disorder of the
respiratory tract is bronchiolitis obliterans.

9. The method of claim 1, wherein the disorder of the
respiratory tract is bronchiolitis obliterans with organizing
pneumonia.

10. The method of claim 1, wherein the disorder of the
respiratory tract is eosinophilic granuloma.

11. The method of claim 1, wherein the disorder of the
respiratory tract is Wegener’s granulomatosis.

12. The method of claim 1, wherein the disorder of the
respiratory tract is sarcoidosis.

13. The method of claim 1, wherein the disorder of the
respiratory tract is hypersensitivity pneumonitis.

14. The method of claim 1, wherein the disorder of the
respiratory tract is idiopathic pulmonary fibrosis.

15. The method of claim 1, wherein the disorder of the
respiratory tract is pulmonary manifestations of connective
tissue disease.

16. The method of claim 1, wherein the disorder of the
respiratory tract is acute or chronic lung injury.

17. The method of claim 1, wherein the disorder of the
respiratory tract is adult respiratory distress syndrome.

18. The method of claim 1, wherein the disorder of the
respiratory tract is lung injury associated with parasite
infection.

19. The method of claim 1, wherein the disorder of the
respiratory tract is chronic obstructive pulmonary disease
(COPD).

20. The method of claim 1, wherein the disorder of the
respiratory tract is aspirin-intolerant asthma.

21. The method of claim 1, wherein eosinophil-mediated
inflammation of the lung or tissues is inhibited or prevented.

22. A packaged pharmaceutical composition for treating
or preventing disorders of the respiratory tract or lung in a
subject, comprising a container holding a therapeutically
effective amount of at least one lipoxin analog having the
formula

HQ, QH R

wherein X is R;, OR,, or SR;;
wherein R; is
(i) a hydrogen atom;

(i) an alkyl of 1 to 8 carbon atoms, inclusive, which
may be straight chain or branched;



US 2003/0166716 Al

(iii) a cycloalkyl of 3 to 10 carbon atoms;
(iv) an aralkyl of 7 to 12 carbon atoms;
(v) phenyl;

(vi) substituted phenyl

Z
Z;i

Z, Z

wherein Z;, Z;;, Zy;;, Z;, and Z, are each independently

selected from —NO,, —CN, —C(=0)—R,;, —SO;H,
a hydrogen atom, halogen, methyl, —OR_, wherein R
is 1 to 8 carbon atoms, inclusive, which may be a
straight chain or branched, and hydroxyl;

(vii) a detectable label molecule; or

(viii) a straight or branched chain alkenyl of 2 to 8
carbon atoms, inclusive;

wherein Q, is (C==0), SO, or (CN), provided when Q, is
CN, then X is absent;

wherein Q5 and Q, are each independently O, S or NH;

wherein one of R, and R; is a hydrogen atom and the other
is

(2) H;

(b) an alkyl of 1 to 8 carbon atoms, inclusive, which
may be a straight chain or branched;

(c) a cycloalkyl of 3 to 6 carbon atoms, inclusive;

(d) an alkenyl of 2 to 8 carbon atoms, inclusive, which
may be straight chain or branched; or

(e) R,Q,R, wherein Q, is —O— or —S—; wherein R,
is alkylene of 0 to 6 carbon atoms, inclusive, which
may be straight chain or branched and wherein R, is
alkyl of O to 8 carbon atoms, inclusive, which may be
straight chain or branched, provided when R, is O,
then R, is a hydrogen atom;

wherein R, is
() H;

(b) an alkyl of 1 to 6 carbon atoms, inclusive, which
may be a straight chain or branched;

wherein Ry is

Z;i

26
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wherein Z;, Z;, Zy;;, Z:, and Z, are each independently
selected from —NO,, —CN, —C(=0)—R,;, —SO;H,
a hydrogen atom, halogen, methyl, —OR_, wherein R
is 1 to 8 carbon atoms, inclusive, which may be a
straight chain or branched, and hydroxyl or a substi-
tuted or unsubstituted, branched or unbranched alkyl

group;

wherein Y, is —OH, methyl, —SH, an alkyl of 2 to 4
carbon atoms, inclusive, straight chain or branched, an
alkoxy of 1 to 4 carbon atoms, inclusive, or CH,Z,
where a+b=3, a=0 to 3, b=0 to 3 and Z is cyano, nitro
or a halogen;

wherein Ry is
(@ H;

(b) an alkyl from 1 to 4 carbon atoms, inclusive,
straight chain or branched;

wherein Tis O or S, and pharmaceutically acceptable salts
thereof; and instruction for treating or preventing dis-
orders of the respiratory tract or lung in the subject.

23. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is chronic bronchitis.

24. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is bronchiectasis.

25. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is eosinophilic lung
diseases.

26. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is allergic bronchopul-
monary aspergillosis.

27. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is allergic inflammation
of the respiratory tract.

28. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is bronchiolitis.

29. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is bronchiolitis obliter-
ans.

30. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is bronchiolitis obliterans
with organizing pneumonia.

31. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is eosinophilic granu-
loma.

32. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is Wegener’s granulo-
matosis.

33. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is sarcoidosis.

34. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is hypersensitivity pneu-
monitis.

35. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is idiopathic pulmonary
fibrosis.

36. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is pulmonary manifes-
tations of connective tissue disease.

37. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is acute or chronic lung
injury.
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38. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is adult respiratory
distress syndrome.

39. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is lung injury associated
with parasite infection.

40. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is chronic obstructive
pulmonary disease (COPD).
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41. The packaged pharmaceutical of claim 22, wherein
the disorder of the respiratory tract is aspirin-intolerant
asthma.

42. The packaged pharmaceutical of claim 22, wherein
eosinophil-mediated inflammation of the lung or tissues is
inhibited or prevented.



